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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a coloring matter sensitized 
' photoelectric conversion element and a photoelectric cell that have 
been improved in a converging efficiency, incident photon-to-current 
, conversion efficiency(IPCE) and short-circuit current density (Jsc). 
ISOLUTION: This photoelectric conversion element comprises a 




^i^optical anode with two or more layers composed of porous 



^semiconductor fine particles, a charge transport layer and a counter 
electrode. The long wavelength edges of the optical-absorption 
wavelength range of the optical anode of two layers or more 
(wavelengths on the long-wavelength side where the absorbance of 
1 0% of the absorbance to the maximum absorption wavelength) are 
different from each other. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]An optical anode more than two-layer [ which consists of a porosity semiconductor particulate ]. 

A charge transfer layer. 
A counter electrode. 

It is the optoelectric transducer provided with the above, and long wavelength ends (wavelength by the side 
of long wavelength which shows 10% of absorbance of an absorbance in maximal absorption wavelength) of 
the optical absorption wavelength range of an optical anode more than two-layer [ said ] differ mutually. 
[Claim 2]An optoelectric transducer by which a long wavelength end of an optical absorption wavelength 
range is arranged more in order of short wavelength in the optoelectric transducer according to claim 1 at 
the incident light side as for an optical anode more than two-layer [ said ]. 

[Claim 3]An optoelectric transducer which laminates 2 or more sets of single cells which consist of an 
optical anode, a charge transfer layer, and a counter electrode in the optoelectric transducer according to 
claim 1 or 2. 

[Claim 4]An optoelectric transducer whose relative standard deviation of an open circuit light electromotive 
voltage which said single cell is electrically combined in parallel, and each single cell gives in the optoelectric 
transducer according to claim 3 is 15% or less. 

[Claim 5]An optoelectric transducer whose relative standard deviation of short circuit photoelectric current 
which said single cell is electrically combined in series, and each single cell gives in the optoelectric 
transducer according to claim 3 is 15% or less. 

[Claim 6]An optoelectric transducer to which sensitization of at least one of said the optical anodes is 
carried out with coloring matter in the optoelectric transducer according to any one of claims 1 to 5. 
[Claim 7]An optoelectric transducer to which sensitization of the optical anode nearest to the light 
incidence side is carried out with coloring matter in the optoelectric transducer according to any one of 
claims 1 to 6. 

[Claim 8]An optoelectric transducer which is coloring matter in which said coloring matter is chosen from 
coloring matter of an organometallic complex, a phthalocyanine system, a porphyrin system, and a poly 
methine system in the optoelectric transducer according to claim 6 or 7. 

[Claim 9]An optoelectric transducer which a semiconductor particulate which constitutes said each optical 
anode turns into from at least one sort of a metallic oxide chosen from titanium oxide, a zinc oxide, a tin 
oxidation thing, a tungsten oxide, and a niobium oxidation thing in the optoelectric transducer according to 
any one of claims 1 to 8. 

[Claim 1 0]An optoelectric transducer which at least two of said optical anodes become from a mutually 
different metallic oxide in the optoelectric transducer according to any one of claims 1 to 9. 
[Claim 1 1]An optoelectric transducer in which said charge transfer layer is an ion-conductive electrolyte in 
the optoelectric transducer according to any one of claims 1 to 10. 

[Claim 12]An optoelectric transducer in which said charge transfer layer is a room temperature fused salt 
electrolyte in the optoelectric transducer according to any one of claims 1 to 11. 

2 



JP 2001-319698 

[Claim 1 3]A photoelectric cell using the optoelectric transducer according to any one of claims 1 to 1 2. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention]This invention relates to the efficient optoelectric transducer by which the 

semiconductor electrode was laminated, and a photoelectric cell (especially solar cell). 

[0002] 

[Description of the Prior Art]The foundation established the dye sensitizing of the semiconductor electrode 
as a means of electrochemical light energy conversion in the 1970s (H. Gerischer, Photochem.Photobiol., 16 
volumes, p243-260, 1 972). Then, it develops into the sensitization method which uses a coloring matter 
adsorption thin film for an electrode (T. Miyasaka, et al.. Nature, 277 volumes, p638-640, 1979, **, the 
surface, 19 volumes, p 532 to 541-1981 years). Furthermore particle floe with large adsorption surface area 
was used for the semiconductor, the extensive improvement of condensing efficiency was achieved, and it 
improved on the level used as a wet solar cell. It is expected that especially the wet solar cell produced by 
using the porosity condensation layer of the particles of a dye sensitizing titanium oxide semiconductor for 
an electrode will exceed an amorphous-silicon solar cell in respect of sunlight energy conversion efficiency 
and low-cost-izing. As the present skill level, a ruthenium complex is used for coloring matter, the visible 
light up to 800-900 nm can be used, and nearly ten sunlight energy conversion efficiency is acquired. Such 
essential technology is indicated by Nature, 353 volumes, p 737 to 740-1991 years and, a U.S. Pat. No. 
4927721 item, said 5350644 No., JP,5-504023,A, etc. Condensing of incident light, the improvement (or 
improvement in the short circuit photoelectric current density Jsc) in the quantum efficiency (IPCE) for 
entering light reflecting the efficiency of quantum conversion of a photon-electron, and improvement in an 
open circuit light electromotive voltage (Voc) are important in order to improve further the sunlight 
engineering efficiency of these wet solar cells from now on. 

[0003] For this purpose, use for single sensitizing dye Ru complex system black coloring matter which 
extended the absorption wavelength field to 920 nm in Chem. Commun. and 1705 to pi 706-1 997 as 
improvement by the side of a pigment material, and the rate for Mitsutoshi is expanded in a single cell. The 
art to which Jsc is made to increase is shown. However, this art of the improvement of final efficiency is 
insufficient as a result of IPCE, Voc, etc. losing in weight on another side which a sensitization wavelength 
area expands. Although the method of earning efficiency for light utilization combining a dye sensitizing 
n-type semiconductor is indicated by J.Phys.Chem.B, the 103rd volume, the method of carrying out 
sensitization of the p-type semiconductor particles to p8940-8943 with coloring matter, and using for an 
optical cathode, and WO 99/No. 1 63599 in this optical cathode. In the cell with which the dye sensitizing 
efficiency and photoelectric current by the side of an optical cathode combined these in series since it was 
very low compared with them of an optical anode, the optical cathode side serves as a bottleneck of current, 
and conversion efficiency is not improved. 

[0004]On the other hand, although the effect which raises Voc is shown in for example, J. Phys. Chem. B, 
103 volumes, and 9238 to p9332-1999, using the high strontium titanate of a conducting-zone energy level 
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as a near improvement of a semiconductor material, As a result of electron injection's un-increasing the 
efficiency, IPCE and Jsc decrease, the efficiency of condensing falls and it has not resulted in final improve 
efficiency. 

[0005]Thus, in energy conversion with a dye sensitizing semiconductor, Voc reflecting the energy 
acquisition reflecting the quantum efficiency of photoelectric conversion of the charge separation of the 
photoelectric current density Jsc and an electronic-electron hole becomes a relation of a tie in mutually, 
and these simultaneous improvement is difficult. 
[0006] 

[Problem(s) to be Solved by the InventionjThe purpose of this invention is to provide the optoelectric 
transducer and photoelectric cell by which the energy conversion efficiency has been improved, and is 
providing the dye sensitizing type optoelectric transducer and photoelectric cell by which condensing 
efficiency, the child efficiency (IPCE) for incident light quantity, and short circuit current density (Jsc) have 
been improved especially. 
[0007] 

[Means for Solving the Problem]In view of the above-mentioned purpose, as a result of research, 
wholeheartedly this invention person, In an optoelectric transducer which has an optical anode more than 
two-layer [ which consists of a porosity semiconductor particulate ], a charge transfer layer, and a counter 
electrode. By using two or more optical anodes in which long wavelength ends (wavelength by the side of 
long wavelength which shows 10% of absorbance of an absorbance in maximal absorption wavelength) of an 
optical absorption wavelength range differ mutually, It found out that a dye sensitizing type optoelectric 
transducer by which condensing efficiency, child efficiency (IPCE) for incident light quantity, and short 
circuit current density (Jsc) have been improved was obtained, and thought out to this invention. 
[0008]That is, since an optoelectric transducer of this invention condensed incident light efficiently, it 
laminated two or more optical anodes in which optical absorption wavelength ranges differ. 
[0009]An optoelectric transducer of this invention is used for a photoelectric cell of this invention. 
[0010]When this invention fulfills a following condition, an optoelectric transducer which has the further 
outstanding photoelectric conversion efficiency is obtained. 

[001 1](1) As for an optical anode more than two-layer [ said ], it is preferred that a long wavelength end of 
an optical absorption wavelength range is arranged more in order of short wavelength at the incident light 
side. 

[0012](2) Laminating 2 or more sets of single cells which consist of an optical anode, a charge transfer layer, 
and a counter electrode has preferred things. It is preferred that relative standard deviation of an open 
circuit light electromotive voltage which said single cell is electrically combined in parallel, and each single 
cell gives is 15% or less, or relative standard deviation of short circuit photoelectric current which said single 
cell is electrically combined in series, and each single cell gives is 15% or less. 

[0013](3) It is preferred that at least one of said the optical anodes consists of a porosity semiconductor 
particulate by which sensitization was carried out with coloring matter, and it is preferred that an optical 
anode nearest to the light incidence side consists of a porosity semiconductor particulate by which 
sensitization was carried out with coloring matter. It is preferred that said coloring matter is coloring matter 
chosen from coloring matter of an organometallic complex, a phthalocyanine system, a porphyrin system, 
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and a poly methine system. 

[0014](4) It is preferred that a semiconductor particulate which constitutes said each optical anode 
consists of at least one sort of a metallic oxide chosen from titanium oxide, a zinc oxide, a tin oxidation thing, 
a tungsten oxide, and a niobium oxidation thing. It is preferred that at least two of said optical anodes 
consist of a mutually different metallic oxide. 

[0015](5) It is preferred that said charge transfer layer is an ion-conductive electrolyte or a room 
temperature fused salt electrolyte. 

[0016] 

[Embodiment of the InventionJSince the optoelectric transducer of this invention condenses incident light 
efficiently, two or more optical anodes (photosensitive layer) in which the long wavelength ends of the 
sensitization wavelength range differ are used. Here, "the long wavelength end of the sensitization 
wavelength range" means the wavelength by the side of the long wavelength which shows 10% of 
absorbance of the absorbance in the maximal absorption wavelength of an optical anode. The optical anode 
in which long wavelength ends differ is producible by choosing the kind and/or sensitizing dye of a 
semiconductor which are used for a photosensitive layer. 

[0017]The optoelectric transducer of this invention laminates a single cell as preferably shown in drawing 1 . 
A single cell is laminated in order of the transparent conductive layer 1 0a (or conductive layer 1 0), the under 
coat 60, the photosensitive layer 20, the charge transfer layer 30, and the transparent counter electrode 
conductive layer 40a (or counter electrode conductive layer 40), Said photosensitive layer 20 consists of 
the charge transporting materials 23 which permeated the opening between the semiconductor particulate 
21 by which sensitization was carried out with the coloring matter 22, and the semiconductor particulate 21 
concerned. One layer or multilayered constitution may be sufficient as a photosensitive layer. The charge 
transporting material 23 consists of the same ingredient as the material used for the charge transfer layer 
30. In order to give intensity to an optoelectric transducer, the transparent substrate 50a (or substrate 50) 
may be formed in the conductive layer 10 and/or counter electrode conductive layer 40 side. In this 
invention, the layer which consists the layer which consists of the conductive layer 10 and the substrate 50 
which it is arbitrary and is formed of a "conductive substrate", the counter electrode conductive layer 40, 
and the substrate 50 it is arbitrary and is formed is called a "counter electrode" below. The thing it was 
made to make this optoelectric transducer work by connecting with an external circuit is a photoelectric cell. 
[0018]In this invention, in order to make light reach several photosensitive layers of all from which a 
sensitization wavelength area differs, the photosensitive layer and conductive layer (and the base material 
used if needed) by the side of light incidence must be optically transparent substantially. The situation of 
other photosensitive layers, a conductive layer, and a base material being transparent similarly, and the light 
which penetrated the upper photosensitive layer penetrating a conductive layer, and resulting in a lower 
layer photosensitive layer must be satisfied. However, the conductive substrate of the photosensitive layer 
of the bottom of the heap may be opaque when the photosensitive layer does not arrange in the lower layer. 
Similarly, when the bottom of the heap is a counter electrode, a counter electrode and its base material may 
be opaque. 

[0019]In the single cell shown in drawing 1 , coloring matter 22 grade is excited, the electron of the high 
energy in the excited coloring matter 22 grade is passed to the conducting zone of the semiconductor 
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particulate 21, and the light which entered into the photosensitive layer 20 containing the semiconductor 
particulate 21 by which sensitization was carried out with the coloring matter 22 reaches the conductive 
layer 10 by diffusion further At this time, the molecule of the coloring matter 22 grade serves as an oxidant. 
In a photoelectric cell, while the electron in the conductive layer 10 works in an external circuit, it returns to 
the oxidant of coloring matter 22 grade through the counter electrode conductive layer 40 and the charge 
transfer layer 30, and the coloring matter 22 is reproduced. The photosensitive layer 20 works as an optical 
anode. On the boundaries (for example, the boundary of the conductive layer 10 and the photosensitive 
layer 20, the boundary of the photosensitive layer 20 and the charge transfer layer 30, the boundary of the 
charge transfer layer 30 and the counter electrode conductive layer 40, etc.) of each layer, the constituents 
of each class may be carrying out diffusive mixing mutually. 

[00201(A) Explain the laminated structure of the element of example this invention of the internal structure 
of an optoelectric transducer. Two or more optical anodes, charge transfer layers, and counter electrodes 
which provide a photosensitive layer are laminated, and the element of this invention is constituted. Several 
optical anodes in which the long wavelength ends of an optical absorption wavelength differ mutually are 
laminated and constituted still more preferably. That is, the element of this invention is made for the 
purpose of condensing incident light efficiently by lamination of two or more optical anodes. 
[0021]Here, the example of laminated constitution is shown in drawing 6 f rom drawing 2 . The photosensitive 
layer 20a which differs in a sensitization wavelength area via the transparent conductive layer 1 0a to both 
sides of the water-white base material [ like glass ] 50a whose drawing 2 is, and the photosensitive layer 
20b are covered, The water-white base material 50a which the charge transfer layer 30 was placed by the 
upper layer and lower layer, and supported the transparent conductive layer 40a as a counter electrode in 
the topmost part, The base material 50 which supported the counter electrode conductive layer 40 of light 
reflex nature opaque as a counter electrode same with the bottom of the heap is arranged, and these 
electrode layers are the cells of the structure laminated by taking electrical junction mutually. 10a and 40a 
of a conductive layer may be the same substance, or may differ from each other. In this cell, after light 
enters from the transparent counter electrode layer side and penetrates the charge transfer layer 30, it 
passes the photosensitive layer 20a and the photosensitive layer 20b one by one, and is reflected by the 
counter electrode 40 of the bottom of the heap. Here, a photosensitive layer is a porous semiconductor 
layer, as for the photosensitive layer 20b, it is preferred that the sensitization wavelength area is a long 
wavelength side more to the photosensitive layer 20a, and the light which was not absorbed by the 
photosensitive layer 20a is absorbed by the lower layer photosensitive layer 20b. As for the charge transfer 
layer 30, it is preferred that it is a common substance through the whole cell, and, typically, ion-conductive 
fused salt is used. 

[0022]Although drawing 3 is a cell containing the same photosensitive layers 20a and 20b as drawing 2 , the 
order of lamination differs about the photosensitive layer 20a. The top layers are not a counter electrode 
but the photosensitive layer 20a, and its base material, the charge transfer layer 30 is placed by the lower 
layer, and the transparent substrate 50a with which the counter electrode 40a of a transparent conductive 
layer and other one side covered the transparent conductive layer 10a and the photosensitive layer 20b in 
one side is put on the bottom of it. Under from it is the same as that of drawing 2 , and the light which 
entered is eventually reflected by the reflexibility counter electrode of the bottom of the heap. The 
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composition of drawing 3 is a point of the optical absorption efficiency of the whole photosensitive layer, 
and is more preferred than the composition of drawing 2 . That is, in drawing 2 , since incident light may be 
first absorbed in part by the charge transfer layer, it may be accompanied by the loss of condensing. 
[0023]The composition of drawing 4 is an example for which the photosensitive layer from which three sorts 
of sensitization wavelength areas differ is used. An order of lamination is fundamentally the same as drawing 
3, and the photosensitive layer 20c is added to the lower layer of the photosensitive layer 20b on both sides 
of a counter electrode (40a and 50a). Here, as for the sensitization wavelength area of the photosensitive 
layer 20c, being located in the long wavelength side is more preferred in respect of condensing efficiency 
than in respect of the sensitization wavelength area of the photosensitive layer 20b. concrete — the 
photosensitive layer 20a — blue - a green field — the photosensitive layer 20b — green - the 
photosensitive layer 20c is designed in a red field have photosensitivity in a red - infrared field. 
[0024] Drawing 5 is the composition in which the metal lead 1 1 for reducing the surface resistance of an 
electrode to the laminated constitution of drawing 4 , and raising electrical conduction to it was made to 
insert. A lead layer usually consists of the narrow shape of a lattice or parallel linear circuit pattern of width. 
Specifically, 1 mm and thickness are provided for line width as 0.1 to 1 micrometer of wiring from 10 
micrometers. The metal lead 1 1 is formed in order to raise the electrical conduction of the transparent 
conductive layer 10a or the transparent counter electrode 40a, and it takes the composition electrically 
combined with the transparent conductive layer 10a or the transparent counter electrode 40a. Specifically, 
a metal lead is inserted between the inside of a transparent conductive layer or the transparent conductive 
layer 10a, and the base material 50a, and/or between the transparent counter electrode conductive layer 
40a and the base material 50a. This lead layer may be opaque and is typically made with the metallic 
material of low electric resistance. 

[0025]Dra wing 6 is an example of the composition using the photosensitive layer which differs in three sorts 
of sensitization wavelength areas, and the common counter electrode of one layer. Use the three 
transparent base materials 50a like glass, and the photosensitive layer 20a is formed in the undersurface of 
the 1st base material 50a, While forming the photosensitive layer 20b in the upper surface of the 2nd base 
material 50a, the photosensitive layer 20c is formed in the undersurface, the common counter electrode 40 
is formed in the upper surface of the 3rd base material 50a, and it consists of composition filled up with the 
charge transfer layer 30, respectively among said photosensitive layers 20a and 20b and between the 
photosensitive layer 20c and the counter electrode 40. The photosensitive layers 20a, 20b, and 20c and the 
counter electrode 40 have touched via the charge transfer layer 30, respectively by the leak hole 1 a for 
charge transfer which penetrates the photosensitive layer 20b, the 2nd base material 50a, and the 
photosensitive layer 20c. 

[0026]In the basic constitution of drawing 6 , various kinds of auxiliary layers can be inserted and used for an 
improvement of cell performance from drawing 2 . Between a photosensitive layer and a transparent 
conductive layer, an under coat can be provided as a ground of a photosensitive layer. Lamination is also 
changeable suitably, such as providing the spacer layer for the prevention from an electric short circuit 
between a photosensitive layer and a counter electrode layer furthermore. 

[0027]In the lamination type structure cell of above-mentioned this invention, although all methods are 
possible for the way of each photosensitive layer and electric connection of a counter electrode according 
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to the output (an electromotive voltage and current) made into the purpose, a desirable method is a 

connection method shown below. 

1) All the counter electrode is combined in an external circuit, and consider it as a common counter 
electrode, and similarly combine the transparent conductive layer of the ground of each photosensitive layer 
in an external circuit, and consider it as a common anode. Namely, the laminated-structure type cell which 
the single cell which consists of combination of a photosensitive layer and a counter electrode is wired in 
parallel as an equivalent circuit, and is constituted. 

2) The laminated-structure type cell constituted by each single cell which serves as a counter electrode 
from the transparent conductive layer of the ground of this and the photosensitive layer which counters 
connecting in series as an equivalent circuit. 

[0028]The equivalent circuit showed to drawing 7 and drawing 8 by making into an example the 
laminated-structure type cell which consists these of three single cells. The composition ( drawing 7 ) of 1 
which consists of parallel circuits is more preferred among above 1 and the composition of two. The 
combination circuit which adopted both of wiring forms (as in-series as parallel) of 1 and 2 can also be used 
for the cell of this invention. 

[0029]The output characteristics of the single cell which constitutes a lamination type cell in relation to the 
above-mentioned wiring form are the purposes of securing the stability of the performance of a lamination 
type cell, and it is preferred to fulfill one of the following conditions. 

** The percentage which the standard deviation of the open circuit electromotive voltage (Voc) which two 
or more single cells which consist of an optical anode and a counter electrode are electrically combined in 
parallel in the equivalent circuit of the cell which laminated these single cells, and each single cell gives 
gives to average value should be less than 1 5%. 

** The percentage which the standard deviation of the short circuit photoelectric current (Isc) which two or 
more single cells which consist of an optical anode and a counter electrode are electrically combined in 
series in the equivalent circuit of the cell which laminated these single cells, and each single cell gives gives 
to average value should be less than 1 5%. 

[00301(B) It is necessary to use a transparent conductive material from the necessity for light transmission 
except the conductive substrate of the conductive substrate bottom of the heap. A transparent conductive 
base material is constituted by a transparent conductive layer and two-layer [ of the transparent substrate 
which supports it ]. As a conducting agent used for a transparent conductive layer, metal, carbon (for 
example, platinum, gold, silver, copper, aluminum, rhodium, indium, etc.), or conductive metallic oxide (what 
doped fluoride to an indium tin multiple oxide and the tin oxide) is mentioned. A thing desirable from an 
optical transparency point in this is conductive metallic oxide (diacid-ized tin which doped especially 
fluoride). 

[0031 ]A conductive substrate is so good that surface resistance is low. The range of desirable surface 
resistance is below lOOohms / **, and is below 40ohms / ** still more preferably. Although there is no 
restriction in particular in the minimum of surface resistance, they are usually 0.1 ohm / ** grade. 
[0032]A transparent conductive base material needs a substantially transparent thing, in the wavelength 
range of 400-900 nm, as for the transmissivity of the whole light, it is preferred that it is not less than 50%, 
and it is preferred that it is especially not less than 70%. 

8 



JP 2001-319698 

[0033]As for the coverage of conductive metallic oxide, in order to secure sufficient transparency and to 
give high conductivity, it is preferred to consider it as per [ 0.01 -100g ] base material 1m^. As for the 
thickness of the conductive layer, about 0.02-10 micrometers is preferred. 

[0034]What formed the transparent conductive layer which consists of conductive metallic oxide in the 
surface of transparent substrates, such as glass or a plastic, by spreading or vacuum evaporation as a 
transparent conductive base material is preferred. The electrically conductive glass which deposited the 
conductive layer which consists of diacid-ized tin which doped fluoride especially on the transparent 
substrate made with the soda lime float glass of low cost is preferred. In order to consider it as a flexible 
optoelectric transducer or solar cell by low cost, it is good to use for a transparent polymer film what 
provided the conductive layer. As a material of a transparent polymer film, a tetraacetyl cellulose (TAG), 
Polyethylene terephthalate (PET), polyethylenenaphthalate (PEN), Syndiotactic poly sterene (SPS), a 
polyphenylene sulfide (PPS), There are polycarbonate (PC), polyarylate (PAr), polysulfone (PSF), polyester 
sulfone (PES), polyether imide (PEI), cyclic polyolefin, bromine-ized phenoxy, etc. As for the coverage of 
conductive metallic oxide, in order to secure sufficient transparency, it is preferred to consider it as per 
[ 0.01 -lOOg ] base material 1m^ of glass or a plastic. 

[0035]It is preferred to use a metal lead in order to lower resistance of a transparent conductive base 
material. The construction material of a metal lead has preferred metal, such as aluminum, copper, silver, 
gold, platinum, and nickel, and is preferred. [ of especially aluminum and silver ] As for a metal lead, it is 
preferred to install in a transparent substrate by vacuum evaporation, sputtering, etc., and to provide on it 
the tin oxide which doped fluoride, or the transparent conductive layer which consists of ITO films. After 
providing a transparent conductive layer in a transparent substrate, it is also preferred to install a metal lead 
on a transparent conductive layer. The fall of the incident light quantity by metal lead installation may be 1 
to 5% more preferably less than 1 0%. 

[00361(C) In a photosensitive layer photosensitive layer, a semiconductor acts as what is called a photo 
conductor, absorbs light, performs charge separation, and produces an electron and an electron hole. In the 
semiconductor particulate by which dye sensitizing was carried out, generating of optical absorption, the 
electron by this, and an electron hole takes place mainly in coloring matter, and a semiconductor particulate 
receives this electron and bears the role to transmit. As for the semiconductor used by this invention, it is 
preferred that it is an n-type semiconductor which gives anode current by a conductor electron serving as 
a carrier under optical pumping. 

[0037](1) An element semiconductor like silicon and germanium as a semiconductor particulate 
semiconductor particulate, the chalcogenide (for example, an oxide and a sulfide.) of an III-V system 
compound semiconductor and metal Compounds (for example, strontium titanate, titanic acid calcium, 
titanium sodium, barium titanate, potassium niobate, etc.) etc. which have a perovskite structure, such as a 
selenide, can be used. 

[0038]As desirable metal being chalcogenide, titanium, tin, zinc, iron, tungsten, A zirconium, hafnium, 
strontium, indium, cerium. The oxide of yttrium, a lantern, vanadium, niobium, or tantalum, cadmium, zinc, 
lead, silver, antimony or the sulfide of bismuth, cadmium or a leaden selenide, the telluride of cadmium, etc. 
are mentioned. As other compound semiconductors, the selenide of phosphides, such as zinc, gallium, 
indium, and cadmium, gallium arsenide, or copper-indium, the sulfide of copper-indium, etc. are mentioned. 
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[0039]The desirable example of the semiconductor used for this invention Si, Ti02, Sn02, FexOj, WO3, ZnO, 
NbsOg, CdS, ZnS, PbS, BisSj, CdSe, CdTe, GaP, InP, GaAs, GuInS2, Are CuInSej etc. and more preferably 
Ti02, ZnO, Sn02, FesOj, WO3, It is l^bfi^, CdS, PbS, CdSe, InP, GaAs, CuInS2, or CuInSe2, is Ti02 or Nb^O^ 
especially preferably, and is Ti02 most preferably. 

[0040]A single crystal or polycrystal may be sufficient as the semiconductor used for this invention. 
Although the single crystal from a viewpoint of conversion efficiency is preferred, from viewpoints of a 
manufacturing cost, raw-material reservation, an energy payback time, etc., polycrystal is preferred and 
especially the porous membrane that consists of semiconductor particulates is preferred. 
[0041] Although the particle diameter of a semiconductor particulate is generally an order of nm-mu m, as 
for the mean particle diameter of the primary particle for which it asked from the diameter when the project 
area was converted into the circle, it is preferred that it is 5-200 nm, and its 8-1 00 nm is more preferred. As 
for the mean particle diameter of the semiconductor particulate (aggregated particle) in dispersion liquid, 
0.01-10 micrometers is preferred. 

[0042]Two or more kinds of particles from which particle size distribution differs may be mixed, and it is 
preferred that the average size of small particles is 5 nm or less in this case. Particle diameter is big, for 
example, an about 300-nm semiconductor particle may be mixed in order to scatter incident light and to 
raise an optical capturing rate. 

[0043]As a method of producing a semiconductor particulate, Sumio Sakuhana's company of the "science 
of sol-gel method" AGUNE ** style (1998), A sol-gel method given in "the thin-layer-coating art by a 
sol-gel method" (1995), etc. of TECHNICAL INFORMATION INSTITUTE, "composition of the monodisperse 
particle by the new synthetic method gel method and size gestalt control" of Tadao Sugimoto — wait 

— **** the 35th volume, No. 9, and the gel method of a 1012-1018 pages (1996) statement are 

preferred. The method of producing an oxide for the chloride which Degussa developed by 
elevated-temperature hydrolysis in an acid water matter salt is also preferred. 

[0044]When a semiconductor particulate is titanium oxide, each of above-mentioned sol-gel methods, gel 
methods, and elevated-temperature hydrolysis methods in the inside of the acid water matter salt of 
a chloride is preferred, but the sulfuric acid method and chlorine method of a statement can also be further 
used for Manabu Seine's "titanium oxide physical-properties and applied^echnology" Gihodo Shuppan 
(1997). Furthermore, as a sol-gel method, the method of the journal OBU American ceramic society of 
varves, the 80th volume, No. 12, and a 3157-3171 pages (1997) statement, The method of chemistry OBU 
MATERIARUZU of burn sides, the 10th volume, No. 9, and a 2419-2425-page statement is also preferred. 
[0045](2) In order to apply the formation semiconductor particulate of a semiconductor particle layer on a 
conductive substrate, the above-mentioned sol-gel method other than the method of applying the 
dispersion liquid or the colloidal solution of a semiconductor particulate on a conductive substrate, etc. can 
also be used. When fertilization of an optoelectric transducer, the physical properties of semiconductor 
particulate liquid, the flexibility of a conductive substrate, etc. are taken into consideration, the wet film 
production method is comparatively advantageous. As the wet film production method, the applying method 
and print processes are typical. 

[0046]When compounding the method and semiconductor which are distributed while grinding as a method 
of producing the dispersion liquid of a semiconductor particulate using the method and mill which are 
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mashed with a mortar other than the above-mentioned sol-gel method, the method of depositing as 
particles and using it as it is in a solvent, etc. are mentioned. 

[0047]As carrier fluid, it is usable in water or various kinds of organic solvents (for example, methanol, 
ethanol, isopropyl alcohol, dichloromethane, acetone, acetonitrile, ethyl acetate, etc.). In the case of 
distribution, polymer, a surface-active agent, acid, a chelating agent, etc. may be used as a distributed 
auxiliary agent if needed. 

[0048]As a coating method, the air knife method, the braid method, etc. the roller method, a dip method, etc. 
as a meter ring system as an application system as that where application and a meter ring are made at 
identical parts. The slide hopper method given in the wire bar method currently indicated by JP, 58-4589, B, 
a U.S. Pat. No. 2681294 item, said 2761419 No., the 2761791 No., etc., the extrusion method, the curtain 
method, etc. are preferred. Spin method and a spray method are also preferred as a general aviation. As a 
wet printing method, letterpress, offset, and the three major print processes of photogravure are begun, and 
an intaglio, a rubber plate, screen-stencil, etc. are preferred. According to liquid viscosity or wet thickness, 
the desirable film production method is chosen from these. 

[0049]The viscosity of the dispersion liquid of a semiconductor particulate is greatly influenced with additive 
agents, such as a kind of semiconductor particulate, dispersibility and a use solvent kind, a surface-active 
agent, and a binder. In a viscous liquid (for example, 0.01 - SOOPoise), the extrusion method, the cast 
method, screen printing, etc. are preferred. It is able for the slide hopper method, the wire bar method, or 
spin method to be preferred, and to make it a uniform film with hypoviscosity liquid (for example, 0.1 or less 
Poise). If there is a certain amount of coverage, spreading according to the extrusion method also by the 
case of hypoviscosity liquid is possible. Thus, what is necessary is just to choose the wet film production 
method suitably according to the viscosity of coating liquid, coverage, a base material, spreading speed, etc. 
[0050]The layer of a semiconductor particulate can carry out multilayer spreading of the dispersion liquid of 
a semiconductor particulate with which not only a monolayer but particle diameter is different, or can also 
carry out multilayer spreading of the coating layer containing the semiconductor particulate (or a different 
binder, additive agent) from which a kind differs. Also when thickness is insufficient, multilayer spreading is 
effective at one-time spreading. The extrusion method or the slide hopper method is suitable for multilayer 
spreading. When carrying out multilayer spreading, a multilayer may be applied simultaneously, and two coats 
may be given one by one about ten times from several times. When giving two coats further one by one, 
screen printing can also be used preferably. 

[0051]Since the support pigment quantity per unit project area increases so that the thickness (it is the 
same as the thickness of a photosensitive layer) of a semiconductor particle layer generally becomes thick, 
the capturing rate of light becomes high, but since the generated diffusion length of electron increases, the 
loss by electric charge recombination also becomes large. Therefore, the desirable thickness of the 
semiconductor particle layer of each optical anode is 0.5-30 micrometers. Since layers other than the 
bottom of the heap of the opposite hand of light incidence need to make light penetrate while performing 
optical absorption, as for the thickness of a semiconductor particle layer, 1-10 micrometers is preferred, its 
2-9 micrometers are more preferred, and its 4-7 micrometers are still more preferred. The bottom of the 
heap may be thicker than this. In each optical anode, per base material 1m^ of a semiconductor particulate, 
as for coverage, 0.5-30g are preferred, and 3-1 2g are more preferred. 

11 
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[0052] Heat-treating is preferred in order to raise improvement in film strength, and adhesion with a base 
material, while contacting semiconductor particulates electronically after applying a semiconductor 
particulate on a conductive substrate. The range of desirable cooking temperature is not less than 40 ** 
less than 700 **, and is not less than 100 ** 600 ** or less more preferably. Cooking time is 10 minutes - 
about 10 hours. When using the low base material of the melting point or softening temperature like a 
polymer film, high temperature processing is not preferred in order to cause degradation of a base material. 
It is preferred that it is low temperature as much as possible also from the viewpoint of cost. Low 
temperature-ization becomes possible by concomitant use of the small semiconductor particulate of 5 nm 
or less described previously, heat-treatment under existence of mineral acid, etc. 

[0053]It is the purpose of increasing the surface area of conductor particles in the second half of 
heat-treatment, or raising the purity near the semiconductor particulate and raising the electron injection 
efficiency from coloring matter to semiconductor particles, and electrochemical plating treatment using 
chemical plating and titanium trichloride solution using a titanium tetrachloride aqueous solution may be 
performed, for example. 

[0054]As for a semiconductor particulate, what has large surface area is preferred so that much coloring 
matter can be adsorbed. For this reason, as for the surface area in the state where the layer of the 
semiconductor particulate was applied on the base material, it is preferred that they are 1 0 or more times to 
a project area, and it is preferred that they are further 100 or more times. Although this maximum does not 
have restriction in particular, they are usually about 1000 times. 

[0055](3) As sensitizing dye used for a coloring matter photosensitive layer, organometallic complex 
coloring matter, methine coloring matter, porphyrin system coloring matter, and phthalocyanine system 
coloring matter are preferred. Since the wavelength band of photoelectric conversion is made large as much 
as possible and conversion efficiency is raised, two or more kinds of coloring matter is mixable. The coloring 
matter to mix and its rate can be chosen so that it may double with the target wavelength band and 
intensity distribution of a light source. 

[0056]As for such coloring matter, it is preferred to have the suitable bond groups (interlocking group) to 
the surface of a semiconductor particulate. As desirable bond groups, a COOH group, an OH radical, an 
SO3H basis. The chelation group which has pi conductivity like a cyano group, a -P(0) (OH) 2 group, a 
-0P(0) (OH) 2 group or oxime, dioxime, hydroxyquinoline, salicylate, and an alpha-ketoeno rate is mentioned. 
A COOH group, a -P(0) (OH) 2 group, and especially a -0P(0) (OH) 2 group are especially preferred. These 
bases may form the alkaline metal etc. and the salt, and may form inner salt. If an acidic group is contained 
like [ in case a methine chain forms a squarylium ring and a crocodile NIUMU ring ] in the case of poly 
methine coloring matter, it will be good also considering this portion as bond groups. 
[0057] Hereafter, the desirable coloring matter used for a photosensitive layer is explained concretely. 
[0058](a) As for a metal atom, when metal-complex-coloring-matter coloring matter is metal complex 
coloring matter, it is preferred that it is ruthenium Ru. As ruthenium complex coloring matter, for example A 
U.S. Pat. No. 4927721 item, said 4684537 No., The complex pigment of a statement is mentioned to No. 
world JP,98,B / [ said 5084365 No., said 5350644 No., said 5463057 No., said 5525440 No., JP,7-249790,A, 
Patent Publication Heisei No. 504512 / ten to / and ] 50393 etc. 

[0059]The ruthenium complex coloring matter furthermore used by this invention is following general 

12 



JP 2001-319698 

formula (I):(A,) ^Ru (B-a) (B-b) (B-c)... (I) 

It is preferred for it to be alike and to be expressed more. A, expresses the ligand chosen from the group 
which consists of CI, SCN, HjO, Br, I, CN, NCO, and SeCN among general formula (I), and p is an integer of 
0-3. B-a, B-b, and B-c are the following formulas B-1 to B-10 independently, respectively. ; [0060] 
[Formula 1] 




[0061](However, if R,, expresses a hydrogen atom or a substituent and considers it as a substituent.) The 
alky! group which is not replaced [ substitution with a halogen atom and 1-12 carbon atoms, or ], The aryl 
group which is not replaced [ substitution with the aralkyi group which is not replaced / substitution with 
7-12 carbon atoms, or / or 6-12 carbon atoms, or ], A carboxylic acid group and a phosphate group (the 
acid radical of these may form the salt) are mentioned, Straight chain shape or branched state may be 
sufficient as the alkyi part of an alkyi group and an aralkyi group, and a monocycle or polycyclic (a 
condensed ring, a ring set) may be sufficient as the aryl portions of an aryl group and an aralkyi group. The 
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organic ligand chosen from the compound expressed is expressed. B-a, B-b, and B-c may be the same, or 
may differ from each other. 

[0062]Although a desirable example of metal complex coloring matter is shown below, this invention is not 
limited to these. 
[0063] 
[Formula 2] 





[0064] 
[Formula 3] 
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[0065] 
[Formula 4] 



15 



JP 2001-319698 




COOH 
. ^COOH 
COOH 




^-^COOH 




H3C' 



■CH3 
COOH 



H3C CHg 



[00661(b) The methine coloring matter with preferred coloring matter used for methine coloring matter this 
invention is poly methine coloring matter, such as cyanine dye, merocyanine dye, and SUKUWARIRIUMU 
coloring matter. In these, merocyanine dye and squarylium coloring matter are preferred. 
[0067]About a synthetic method of these coloring matter. F.M Harmer (F. M.Hamer) work "heterocyclic 
party Cyanine Dyes and Related Compounds (Heterocyclic Compounds-Cyanine Dyes.) and 

Related Compounds", John Willie and Suns (John Wiley & Sons)-New York, London, 1 964 annual 
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publications, Day em Sturmer (D. M.Sturmer) work "heterocyclic Compounds-Special topics in heterocyclic 
chemistry (Heterocyclic Compounds-Special.) topics in heterocyclic chemistry", Chapter 18, Section 14, 
the 482nd to 515 pages, John - Willie and Suns (John Wiley & Sons)-New York, London, 1977 annual 
publications, "ROZZU chemistry OBU carbon party UNZU (Rodd's Chemistry of Carbon Compounds)" 
2nd.Ed.vol.IV, part B, 1977 **, Chapter 15, the 369th to 422 pages, ERUSEBIA science public company ink 
(Elsevier Science Publishing Company Inc.) company **, New York, the British patent No. 1,077,611, 
Ukrainskii Khimicheskii Zhurnal, the 40th volume, It is indicated in literature etc. which were quoted by No. 3, 
253-258 pages. Dyes and Pigments, the 21st volume, 227-234 pages, and these articles. 
[0068]In addition, phthalocyanine and naphthalocyanine, and the derivative, metal phthalocyanines. Metal 
naphthalocyanine, the porphyrins containing the derivative, tetraphenylporphyrin, and tetraaza porphyrin, 
the derivative and metalloporphyrin, its derivative, etc. can be used preferably. The coloring matter used for 
dye laser can be used for this invention. 

[0069](4) In order to make coloring matter stick to an adsorption semiconductor particulate of coloring 
matter to a semiconductor particulate, a method of immersing a conductive substrate which has the 
semiconductor particle layer dry well in a solution of coloring matter, or applying a solution of coloring 
matter to a semiconductor particle layer can be used. In the case of the former, it is usable in dip coating, a 
dip method, the roller method, the air knife method, etc. In the case of dip coating, adsorption of coloring 
matter may be performed at a room temperature, and it may carry out by carrying out heating flowing back 
as indicated to JP,7-249790,A. As a latter coating method, there are the wire bar method, the slide hopper 
method, the extrusion method, the curtain method, spin method, a spray method, etc., and printing methods 
include letterpress, offset, photogravure, screen-stencil, etc. A solvent can be suitably chosen according to 
the solubility of coloring matter, for example, alcohols (methanol, ethanol, and t-butanol.) nitril (acetonitrile 
and propionitrile.), such as benzyl alcohol nitromethanes, such as 3-methoxy propionitrile, and halogenated 
hydrocarbon (dichloromethane.) ether (diethylether), such as a dichloroethane, chloroform, and 
chlorobenzene dimethyl sulfoxide, such as a tetrahydrofuran, and amide (N.N-dimethylformamide.) N-methyl 
pyrrolidone, such as N,N-dimethyl acetamido, 1 ,3-dimethylimidazolidinone, 3-methyl oxazolidinone, ester 
species (ethyl acetate, butyl acetate, etc.), Carbonic ester, ketone (diethyl carbonate, ethylene carbonate, 
propylene carbonate, etc.), hydrocarbon (acetone, 2-butanone, cyclohexanone, etc.) (hexane, petroleum 
ether, benzene, toluene, etc.), and these mixed solvents are mentioned. 

[0070]About viscosity of a solution of coloring matter as well as the time of formation of a semiconductor 
particle layer, various print processes other than the extrusion method are suitable in a viscous liquid (for 
example, 0.01 - SOOPoise), It is possible to use a film with the slide hopper method, the wire bar method or 
suitable spin method, and uniform all with hypoviscosity liquid (for example, 0.1 or less Poise). 
[0071]Thus, what is necessary is Just to choose an adsorption method of coloring matter suitably according 
to viscosity of coating liquid of coloring matter, coverage, a conductive substrate, spreading speed, etc. 
When fertilization is considered, as short the one of time which coloring matter adsorption after spreading 
takes as possible is good. 

[0072]Since existence of unadsorbed coloring matter becomes the disturbance of element performance, it 
is preferred that washing removes promptly after adsorption. It is preferred that use a wet cleaning tank and 
an organic solvent like polar solvents, such as acetonitrile, and an alcohols solvent washes. In order to 
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increase the amount of adsorption of coloring matter, heat-treating before adsorption is preferred. After 
heat-treatment, in order to avoid that water sticks to the semiconductor particulate surface, it is preferred 
to make coloring matter adsorb quickly among 40-80 **, without returning to ordinary temperature. 
[0073]The amount of all [ used ] of coloring matter has preferred per [ unit surface area (1 m^) / 0.01 ] - 
lOOmmol of a conductive substrate. As for the amount of adsorption to a semiconductor particulate of 
coloring matter, it is preferred that they are per [ semiconductor particulate 1g / 0.01 ] - Immol. By 
considering it as the amount of adsorption of such coloring matter, the sensitization effect in a 
semiconductor is fully acquired. On the other hand, if there is too little coloring matter, the sensitization 
effect will become insufficient, and if there is too much coloring matter, coloring matter which has not 
adhered to a semiconductor will float and it will become the cause of reducing the sensitization effect. 
[0074]Coadsorption of the colorless compound may be carried out to a semiconductor particulate in order 
to reduce an interaction of the coloring matter like a meeting. A steroid compound (for example, 
chenodexycholic acid) etc. which have a carboxyl group as a hydrophobic compound which carries out 
coadsorption are mentioned. An ultraviolet ray absorbent can also be used together. 
[0075]After adsorbing coloring matter, amines may be used and the surface of a semiconductor particulate 
may be processed, in order to promote removal of excessive coloring matter. Pyridine, 4-t-butylpyridine, 
polyvinyl pyridine, etc. are mentioned as desirable amines. When these are fluids, it may use as it is, and it 
may dissolve and use for an organic solvent. 

[00761(D) A charge transfer layer charge transfer layer is a layer containing a charge transporting material 
which has the function to supplement an oxidant of coloring matter with an electron. As an example of a 
typical charge transporting material which can be used by this invention, ** As an ion transport material, a 
solution (electrolysis solution) which ion of a redox couple dissolved, what is called a gel electrolyte with 
which gel of a polymer matrix was impregnated in a solution of a redox couple, a fused salt electrolyte 
containing a oxidation reduction counter ion, and also a solid electrolyte are mentioned. Carrier movement in 
** solid other than a charge transporting material in which ion is concerned can also use an electron 
transport material and an electron hole (hole) transported material as a material in connection with 
electrical conduction. These can be used together. 

[0077](1) A fused salt electrolyte fused salt electrolyte is preferred from a viewpoint of coexistence of 
photoelectric conversion efficiency and endurance. When using a fused salt electrolyte for an optoelectric 
transducer of this invention. For example, known iodine salt, such as pyridinium salt, imidazolium salt, a 
triazolium salt, etc. which are indicated to WO 95/No. 18456, JP,8-259543,A, electrochemistry, the 65th 
volume. No. 11, 923 pages (1997), etc., can be used. 

[0078]As fused salt which can be used preferably, what is expressed by either a following general formula 
(Y-a), (Y-b) and (Y-c) is mentioned. 
[0079] 
[Formula 5] 



18 



JP 2001-319698 







r 


. . . (Y-a) 


1 










. . . (Y-b) 


Ry3 




RyJ ,Ry2 






. . . (Y-c) 


1 1 

Ry5 Ry4 





[0080]Qy, expresses the atom group who can form the aromatic cation of 5 or 6 membered-rings with a 
nitrogen atom among a general formula (Y-a). As for Q^,, it is preferred to be constituted by one or more 
sorts of atoms chosen from the group which consists of a carbon atom, a hydrogen atom, a nitrogen atom, 
an oxygen atom, and a sulfur atom. 

[0081 ]A five-membered ring formed of Qy, An oxazole ring, a thiazole ring. An imidazole ring, a pyrazole ring, 
an isoxazole ring, a thiadiazole ring. It is preferred that they are an oxadiazole ring or a triazole ring, it is 
more preferred that they are an oxazole ring, a thiazole ring, or an imidazole ring, and it is preferred that 
they are especially an oxazole ring or an imidazole ring. As for six membered-rings formed of Qy,, it is 
preferred that they are a pyridine ring, a pyrimidine ring, a pyridazine ring, a pyrazine ring, or a triazine ring, 
and it is more preferred that it is a pyridine ring. 

[0082]Ay| expresses a nitrogen atom or a phosphorus atom among a general formula (Y-b). 
[0083]A general formula (Y-a), (Y-b) and (Y-c) inner R^, - R^^ are alkyi groups (even if it is 1-24 carbon 
atoms and straight chain shape preferably and is branched state) which is not replaced [ substitution or ] 
independently, respectively. May be cyclic and For example, a methyl group, an ethyl group, a propyl group, 
An isopropyl group, a pentyl group, a hexyl group, an octyl group, a 2-ethylhexyl group, t-octyl group, a decyl 
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group, dodecyl, a tetradecyl group, 2-hexyldecyl group, Alkenyl groups which are not replaced [ substitution 
or ], such as an octadecy! group, a cyclohexyl group, and a cyclopentylic group (it may be 2-24 carbon 
atoms and straight chain shape preferably, or may be branched state, and) For example, a vinyl group, an 
allyl group, etc. are expressed, and it is an alkyi group with 2-18 carbon atoms, or an alkenyl group with 2-18 
carbon atoms more preferably, and is an alkyI group with 2-6 carbon atoms especially preferably. 
[0084]Among R^, in a general formula (Y-b) - R^^, a non-aromatic ring in which two or more connect with 
mutually and they contain A^, may be formed, among R^, in a general formula (Y-c) - Ryg, two or more may 
connect mutually and they may form a ring structure. 

[0085]A general formula (Y-a), (Y-b), inner Q^, and R^, - R^g may have a substituent, and as an example of a 
desirable substituent, halogen atoms (F, CI, Br, I, etc.), a cyano group, and an alkoxy group (a methoxy 
group.) aryloxy groups (phenoxy group etc.), such as an ethoxy basis, and an alkylthio group (a methylthio 
group.) Alkoxycarbonyl groups, such as an ethyl thio group (ethoxycarbonyl group etc.), carbonic ester 
groups (ethoxycarbonyloxy group etc.) and an acyl group (an acetyl group.) sulfonyl groups (a methane 
sulfonyl group.), such as a propionyl group and benzoyl Acyloxy groups, such as a benzenesulfonyl group (an 
acetoxy group, a benzoyloxy group, etc.), A sulfonyloxy group (a methane sulfonyloxy group, a 
toluenesulfonyloxy group, etc.), phosphonyl groups (diethyl phosphonyl group etc.) and an amide group (an 
acetylamino group.) Carbamoyl groups (N,N-dimethylcarbamoyl group etc.), such as a benzoylamino group, 
alkyI groups (a methyl group, an ethyl group, a propyl group, an isopropyl group, a cyclopropyl group, a butyl 
group, a 2-carboxyethyl group, benzyl, etc.), an aryl group (a phenyl group, a toluyl group, etc.), Heterocycle 
groups (a pyridyl group, an imidazolyl group, a furanyl group, etc.), alkenyl groups (a vinyl group, 1-propenyl 
group, etc.), etc. are mentioned. 

[0086]A compound expressed by a general formula (Y-a), (Y-b), or (Y-c) may form a polymer via Qy, or Ry, 

[0087]Such fused salt can also be used together with fused salt which could use it alone, or could use it 
having mixed two or more sorts and which replaced an iodine anion with other anions. As an iodine anion and 
an anion to replace, Halide ion, NSC"(Cr, Br", etc.), BF^", PFj", CIO,", (CF3SO2) ^N", jN'^'j^W". CF3SO3 
CF3COO", Ph4B", aC'^VV > etc. are mentioned as a desirable example, and it is more preferred that 
they are 2^'''^'' 3^° 2' or BF^' . Other iodine salt, such as Lil, can also be added. 

[0088]Although an example of fused salt preferably used by this invention is given to below, it is not 
necessarily limited to these. 
[0089] 
[Formula 6] 
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[0091] 
[Formula 8] 
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[Formula 10] 
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[0096]It is more desirable not to use a solvent for the above-mentioned fused salt electrolyte. As for the 
content of fused salt, although the solvent mentioned later may be added, it is preferred that it is more than 
50 mass % to the whole electrolyte composition. It is preferred that more than 50 mass % is iodine salt 
among salts, and it is still more preferred that it is not less than 70%. 

[0097]It is preferred to add iodine to an electrolyte composition, as for content of iodine, it is preferred that 
it is [ as opposed to / the whole electrolyte composition / in this case ] 0.1 to 20 mass %, and it is more 
preferred that it is 0.5 to 5 mass %. 

[0098](2) As for an electrolysis solution, when using an electrolysis solution for an electrolysis solution 
charge transfer layer, it is preferred to comprise an electrolyte, a solvent, and an additive. An electrolyte of 
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this invention is the combination (as an iodide) of I2 and an iodide. [ Lil and ] Metal iodides, such as Nal, KI, 
Csl, and Calj, or tetra alkylammonium iodide, Iodine salt of the 4th class ammonium compounds, such as 
pyridinium iodide and imidazolium iodide, etc.. Combination of Brj and a bromide (as a bromide) [ LiBr and ] 
Metal bromides, such as NaBr, KBr, CsBr, and CaBr2, Or others which are the bromine salt of the 4th class 
ammonium compounds, such as a tetra alkylammonium star's picture and a pyridinium star's picture, etc.. 
Sulfur compounds, such as metal complexes, such as a ferrocyanic acid salt-ferricyanic acid salt and 
ferrocene ferricinium ion, sodium polysulfide, and alkyi thiol alkyi disulfide, viologen coloring matter, 
hydroquinone quinone, etc. can be used. An electrolyte which combined iodine salt of the 4th class 
ammonium compounds, such as I2, Lil, pyridinium iodide, imidazolium iodide, also in this is preferred in this 
invention. An electrolyte mentioned above may be mixed and used. 

[0099]desirable electrolytic concentration of more than 0.1 M is below 15M, and more than 0.2M is below 
10M still more preferably. Addition concentration of desirable iodine in a case of adding iodine to an 
electrolyte is less than more than 0.01M0.5M. 

[01 00]As for a solvent used for an electrolyte by this invention, it is desirable for a dielectric constant to be 
high in improving ion mobility low, and for viscosity to be a compound which improves effective-carriers 
concentration and can reveal outstanding ion conductivity. As such a solvent, carbonate compounds, such 
as ethylene carbonate and propylene carbonate, Heterocyclic compounds, such as 
3-methyl-2-oxazolidinone, dioxane, Ether compounds, such as diethylether, ethylene glycol dialkyi ether, 
Propylene glycol dialkyi ether, polyethylene-glycol dialkyi ether. Chain ether, such as polypropylene-glycol 
dialkyi ether. Methanol, ethanol, ethylene glycol monoalkyi ether. Propylene glycol monoalkyi ether, 
polyethylene-glycol monoalkyi ether. Alcohols, such as polypropylene-glycol monoalkyi ether, Ethylene 
glycol, propylene glycol, a polyethylene glycol, A polyhydric alcohol class of a polypropylene glycol, glycerin, 
etc., acetonitrile, Aprotic polar substances, such as nitryl compounds, such as guru taro dinitrile, methoxy 
acetonitrile, propionitrile, and benzonitrile, dimethyl sulfoxide, and sulfolane, water, etc. can be used. 
[0101]At this invention, it is J. Am. Ceram. Soc. and 80. (12) Basic compounds, such as ter-butylpyridine 
which is indicated to 3157-3171 (1997), 2-picoline, a 2,6-lutidine, can also be added, in a desirable density 
range in a case of adding a basic compound, more than 0.05M is below 2M. 

[0102](3) It can also be used in gel electrolyte this invention, making an electrolyte able to gel with 
techniques, such as polymer addition, oil gelatinizing agent addition, a polymerization containing 
polyfunctional monomer, and crosslinking reaction of polymer (solidification). When making it gel by polymer 
addition, it is "Polymer Electrolyte Reviews-1 and 2" (J. R.MacCallum and C.A. Vincent). [ jointly and ] 
Although a compound indicated to ELSEVIER APPLIED SCIENCE can be used, especially polyacrylonitrile 
and polyvinylidene fluoride can be used preferably. By oil gelatinizing agent addition. When making it gel, J. 
Chem Soc. Japan, Ind. Chem.Sec, 46,779(1943), J. Am. Chem. Soc, 111,5542(1989), J. Chem. Soc, Chem. 
Com mun. . 1993, 390, Angew. Chem. Int. Ed. Engl., 35-1949 (1996), Although Chem. Lett, 1996, 885, J. Chm. 
Soc, Chem. Commun., 1997, and a compound indicated to 545 can be used, a desirable compound is a 
compound which has amide structure in molecular structure. 

[0103]When making an electrolyte gel by crosslinking reaction of polymer, it is desirable to use together 
polymer and a cross linking agent containing a reactant group which can construct a bridge. A reactant 
group in which desirable bridge construction is possible In this case, nitrogen-containing heterocycle. Are 
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(for example, a pyridine ring, an imidazole ring, a thiazole ring, an oxazole ring, a triazole ring, a morpholine 
ring, a piperidine ring, a piperazine ring, etc.), and a desirable cross linking agent, They are the reagents (for 
example, alky! halide, aralkyi halide, sulfonic ester, an acid anhydride, acid chloride, an isocyanate, etc.) of 
two or more organic functions in which an electrophilic reaction is possible to a nitrogen atom. 
[0104](4) In hole transporting material this invention, a hole transporting material which combined organicity, 
inorganic matter, or these both instead of an electrolyte can be used. 

[01051(a) As an organic hole transporting material applicable to organic hole transporting material this 
invention. The N,N'-diphenyl N, N'-bis(4-methoxypheny)-(1 ,1 '-biphenyl)-4,4'-diamine (J. Hagenet al.. 
Synthetic Metal 89 (1997) 215-220), A 2,2',7,7'-tetrakis (N,N-di-p-methoxy phenylamine) 
9,9'-spirobifluorene (Nature, Vol.395, 8 Oct.1998, p583-585, and WO97/10617), An aromatic diamine 
compound which connected the 3rd class aromatic amine unit of 1 ,1-bis{4-(di-p-tolylamino) phenyl} 
cyclohexane (JP,59-194393,A), 4,4, aromatic amine which two or more fused aromatic rings replaced by a 
nitrogen atom including two or more tertiary amine represented with **BISU [(N-1-naphthyl) 
-N-phenylamino] biphenyl (JP,5-234681,A), Aromatictriamine (U.S. Pat. No. 4,923,774, JP,4-308688,A), 
N,N'-diphenyl N which have starburst structure with a derivative of triphenylbenzene. Aromatic diamine, 
such as N'-bis(3-methylphenyl)-(1,1'-biphenyl)-4,4'-diamine (U.S. Pat. No. 4,764,625), alpha, alpha, alpha', 
alpha '- tetramethyl alpha and alpha'-bis(4-di-p^olylamino phenyl)-p-xylene (JP,3-269084,A), As a 
p-phenylene diamine derivative and the whole molecule, a triphenylamine derivative unsymmetrical in three 
dimensions (JP, 4-1 29271, A), A compound which an aromatic diamine group replaced by a pyrenyl group 
(JP,4-1 75395,A), Aromatic diamine which connected the 3rd class aromatic amine unit by ethylene 
(JP, 4-2641 89,A), Aromatic diamine which has styryl structure (JP,4-290851 ,A), A benzylphenyl compound 
(JP,4-364153,A), a thing which connected tertiary amine by a fluorene group (JP,5-25473,A),Tnamine 
compound (JP,5-239455,A), pith dipyridyl aminobiphenyl (JP,5-320634,A), N, N, and N-triphenylamine 
derivative (JP, 6-1 972, A), Aromatic amine shown in aromatic diamine (JP,7-1 38562,A) which has FENO 
affected gin structure, a diaminophenyl phenanthridine derivative (JP,7-252474,A), etc. can be used 
preferably. 

[0106]An alpha-octylthiophene and alpha, and omega-dihexyl- alpha-octylthiophene (Adv. Mater. 1997, 9, 
N0.7, p557), A hexadodecyl DODESHI thiophene (Angew.Chem. Int. Ed. Engl. 1995, 34, No.3, and p303-307), 
Oligo thiophene compounds, such as 2,8-dihexyl ANSURA [2,3-b:6,7-b'] dithio Foehn (JAGS, Vol120, 
NO.4-1998, p664-672), Polypyrrole (K. Murakoshi et al.,;Chem. Lett. 1997, p471), "Handbook of Organic 
ConductiveMolecules and Polymers Vol. 1,2,3, 4" (NALWA work.) Polyacethylene indicated to WILEY 
publication, and its derivative, Poly (p-phenylene) and its derivative, poly (p-phenylenevinylene) and its 
derivative, poly thienylene vinylene and its derivative, a polythiophene and its derivative, poly aniline, and its 
derivative, Conductive polymers, such as a polytoluidine and its derivative, can be used preferably. 
[0107]In order to control a dopant level to an electron hole (hole) transported material as indicated to 
Nature, Vol.395, 8 Oct. 1998, and p583-585. In order to add a compound containing a cation radical like tris 
(4-bromophenyl) aminium hexachloro antimonate or to perform potential control on the surface of an oxide 
semiconductor (compensation of a space charge layer), a salt like Li [(GF3S02) 2N] may be added. 
[01081(b) A p type inorganic compound semiconductor can be used as an inorganic hole transporting 
material inorganic matter hole transporting material. As for a p type inorganic compound semiconductor of 
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this purpose, it is preferred that a band gap is not less than 2 eV, and it is preferred that it is not less than 
2.5 more eV. Ionization potential of a p type inorganic compound semiconductor needs to be smaller than 
ionization potential of conditions to a coloring matter adsorption electrode which can return an electron 
hole of coloring matter. Although the desirable range of ionization potential of a p type inorganic compound 
semiconductor changes with coloring matter to be used, generally it is preferred that it is [ not less than 4.5 
eV ] 5.5 eV or less, and it is preferred that it is [ not less than 4.7 more eV ] 5.3 eV or less. A desirable p 
type inorganic compound semiconductor is a compound semiconductor containing copper of monovalence. 
As an example of a compound semiconductor containing copper of monovalence. ** Cul, CuSCN, CuInSe2, 
Cudn, Ga) Se^, CuGaSes, Cu^O, GuS, GuGaS2, CuInS2, CuAISe2, etc. are mentioned. Also in this, Cul and 
GuSCN are preferred and Gul is the most preferred. As other p type inorganic compound semiconductors, 
GaP, NiO, CoO, FeO, BijOa, M0O2, Cr^O^, etc. can be used. 

[0109]As for desirable Hall mobility of a charge transfer layer containing a p type inorganic compound 
semiconductor, more than 10-*cmVV-sec is below 10 *cmVV-sec, More than 10-^cmVV-sec is below 10 
^cmVV-sec still more preferably. Desirable conductivity of a charge transfer layer of more than 10-®S/cm is 
below 10 ^S/cm, and more than 10-®S/cm is 10 or less S/cm still more preferably. 

[01 10](5) Two kinds of methods can be considered about a formation method of a formation charge transfer 
layer of a charge transfer layer. One pastes a counter electrode together previously on a semiconductor 
particulate contained layer which made sensitizing dye support, and it is the method of putting a liquefied 
charge transfer layer between the gap. Another is the method of giving a charge transfer layer directly on a 
semiconductor particulate contained layer, and a counter electrode will be given after that. 
[0111]A vacuum process which uses a pressure lower than an ordinary pressure process and ordinary 
pressure which use capillarity by immersion etc. as how to put a charge transfer layer in the case of the 
former, and replaces the gaseous phase by the liquid phase can be used. 

[0112]In the case of the latter, in a wet charge transfer layer, a counter electrode will be given with 
un-drying, and a liquid leakage control measure of an edge part will also be taken. There is also a method of 
applying by a wet type in the case of a gel electrolyte, and solidifying by methods, such as a polymerization, 
and a counter electrode can also be given after drying and fixing in that case. As a method of giving a wet 
organicity hole transporting material besides an electrolysis solution, and a gel electrolyte. Dip coating, the 
roller method, a dip method, the air knife method, the extrusion method, the slide hopper method, the 
WAYABA method, spin method, a spray method, the cast method, various print processes, etc. can be 
considered like grant of a semiconductor particulate contained layer or coloring matter. 
[01 1 3]In the case of an electron hole (hole) transported material of a solid electrolyte or a solid, a charge 
transfer layer can be formed by dry membrane formation processing of a vacuum deposition method, a CVD 
method, etc., and a counter electrode can also be given after that. An organic hole transporting material can 
be introduced into an inside of an electrode with techniques, such as a vacuum deposition method, the cast 
method, the applying method, a spin coat method, dip coating, an electrolytic polymerization method, and 
photoelectrical depolymerization method. Also in an inorganic solid compound, it can introduce into an inside 
of an electrode with techniques, such as the cast method, the applying method, a spin coat method, dip 
coating, and an electrolytic plating method. 

[0114]When considering fertilization, although correspondence is also possible, by closing an edge part 
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promptly after painting in the case of an electrolysis solution which cannot be solidified, or a wet hole 
transporting material, In the case of a hole transporting material which can be solidified, after carrying out 
film formation of the electron hole transporting bed by wet grant, it is more preferred to solidify by methods, 
such as photopolymerization and a heat radical polymerization. Thus, what is necessary is just to choose a 
film grant method suitably according to liquid nature or a process condition. 

[01 15]As moisture in a charge transfer layer, 10,000 ppm or less are 2,000 ppm or less desirable still more 
preferably, and is 100 ppm or less especially preferably. 

[01 16](E) The counter electrode counter electrode needs to act as an anode of an optoelectric transducer, 
and the same transparent conductive material as the above-mentioned conductive substrate needs to be 
used for it from the necessity for light transmission except a counter electrode of the bottom of the heap. 
As a conducting material used for a counter electrode conductive layer, metal, carbon (for example, 
platinum, gold, silver, copper, aluminum, magnesium, rhodium, indium, etc.), or conductive metallic oxide 
(what doped fluoride to an indium tin multiple oxide and tin oxide) is mentioned. Also in this, platinum, gold, 
silver, copper, aluminum, and magnesium can be preferably used as a counter electrode layer. An example of 
a desirable supporting board of a counter electrode is glass or a plastic, is applied or vapor-deposited and 
uses the above-mentioned conducting agent for this. Although thickness in particular of a counter electrode 
conductive layer is not restricted, 3 nm - 10 micrometers are preferred. When a counter electrode 
conductive layer is metal, the thickness is 5 micrometers or less preferably, and ranges of it are 5 nm - 3 
micrometers still more preferably. Surface resistance of a counter electrode layer is so good that it is low. 
As a range of desirable surface resistance, it is below SOohms / **, and is below 20ohms / ** still more 
preferably. 

[01 17]The counter electrode should just stick the conductive layer side of a substrate which applies, plates 
or vapor-deposits a conducting material directly on a charge transfer layer (PVD, CVD), or has a conductive 
layer. As well as a case of a conductive substrate when especially a counter electrode is transparent, it is 
preferred to use a metal lead in order to lower resistance of a counter electrode. A fall of incident light 
quantity by desirable construction material of a metal lead and an installation method, and metal lead 
installation is the same as a case of a conductive substrate. 

[0118]A counter electrode of the bottom of the heap may be opaque (when there is no photosensitive layer 
in an opposite hand of a under from a counter electrode, i.e., a light incidence face). From a viewpoint of 
raising a capturing rate of light, a counter electrode of the bottom of the heap is so preferred that light 
reflex nature is large. Layer structure of a counter electrode conductive layer which consists of conductive 
materials may be sufficient as a counter electrode of the bottom of the heap, and it may comprise a counter 
electrode conductive layer and a supporting board. 

[01 1 9](F) When using an electron transport material and a hole transporting material for other layer charge 
transfer layers, in order to prevent a short circuit of a counter electrode and a conductive substrate, it is 
preferred to paint a thin film layer of a conductive substrate and a semiconductor precise between 
photosensitive layers as an under coat beforehand. Ti02, Sn02, FejOj, WO3, ZnO, and NbjOg are preferred as 
an under coat, and it is Ti02 still more preferably. An under coat can be painted by Electrochimi. Acta 40 and 
the spray pyrolysis method indicated to 643-652 (1995). Desirable thickness of an under coat is 5-1000 nm 
or less, and its 10-500 nm is still more preferred. 
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[01 20] Functional layers, such as a protective layer and an antireflection layer, may be provided in both a 
conductive substrate, and both [ one side or ] which act as an electrode. When forming such a functional 
layer in a multilayer, the simultaneous multilayer applying method and the serial applying method can be 
used, but from a viewpoint of productivity, the simultaneous multilayer applying method is preferred. In the 
simultaneous multilayer applying method, when productivity and the homogeneity of a coat are considered, 
the slide hopper method and the extrusion method are suitable. Vacuum deposition, the sticking method, etc. 
can be used for formation of these functional layers according to the construction material. 
[0121] 

[Example] Hereafter, an example explains this invention concretely. At this example, the laminate type 
battery which consists of lamination of drawing 4 and an equivalent circuit of drawing 7 was assembled in 
the following procedure. 

[0122]1. On one side of the substrate of alkali free glass with a base material thickness for photosensitive 
layers of 0.4 mm of the production 1 topmost part of a transparent conductive base material. The whole 
surface was uniformly coated with fluoride dope type diacid-ized tin with the CVD method, and surface 
resistance about 15ohm/[ 600 nm in thickness and ] **, and light transmittance (500 nm) formed the 
transparent conductive base material which covered 85% of conductive diacid-ized tin membrane on one 
side. 

2) On one side of the substrate of alkali free glass with a lowermost base material thickness [ in pars 
intermedia ] for photosensitive layers of 0.4 mm. The whole surface is uniformly coated with fluoride dope 
type diacid-ized tin with a CVD method like above 1, On one side, surface resistance about 6ohm/[ 200 nm 
in thickness and ] **, and light transmittance (500 nm) covered 90% of conductive ITO (indium tin oxide) 
with the CVD method, and both sides have further already formed the base material covered with the 
transparent conducting film. An ITO film is used as a counter electrode as a ground in which diacid-ized tin 
membrane supports the photosensitive layer of a dye sensitizing semiconductor in these conducting films. 
[0123]2. In accordance with the manufacturing method of a statement, in the J.Am. Ceramic Soc.80 volume 
of preparation C.J.Barbe and others of titanium dioxide particle content coating liquid, and the paper of 
p3157. Titanium tetra isopropoxide was used for the titanium material, the temperature of the 
polymerization reaction in the inside of autoclave was set as 230 **, and the titanium dioxide dispersed 
matter of 1 1 % of the weight of titanium dioxide concentration was compounded. The average size of the 
primary particle of the obtained titanium dioxide particles was about 10 nm. 

[0124]30% of the weight of the polyethylene glycol (the average molecular weight 20,000, the Wako Pure 
Chem make) was added and kneaded to the titanium dioxide to this dispersed matter, and the viscous 
emulsion for spreading was obtained. 

[0125]3. This coating liquid is applied to the diacid-ized tin covering surface side of two sorts of transparent 
conductive substrates produced by 1 and 2 of the production above 1 of a titanium dioxide semiconductor 
particle layer by a thickness of 100 micrometers with a doctor blade method. After drying for 60 minutes at 
25 **, it calcinated for 30 minutes at 500 ** with the electric furnace, and the titanium dioxide layer was 
covered. The coating volume of the titanium dioxide was 10 g/m^, and thickness was 8 micrometers. 
[0126]4. As sensitizing dye to 400-600 nm of preparation of a coloring matter adsorption solution which has 
absorption in the visible wavelength region of short wavelength comparatively. The poly methine coloring 
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matter (coloring matter A) of the following structural formula was dissolved in the mixed solvent of 
ethanohDMSO (95:5) by the concentration of 0.0001 mol / L, 0.04 mol/L addition of the chenodexycholic 
acid was carried out as an additive agent, and the solution A for adsorption of the sensitizing dye used for 
the topmost photosensitive layer was prepared. 
[0127] 

[Formula 13] 




[01 28]As sensitizing dye which has absorption in the long wavelength side to 750 nm, and has an absorption 
peak in blue - green regions, It dissolved in the mixed solvent of the acetonitrile:t-butanol (1:1) which dried 
Ru complex pigment (coloring matter R-1) of the above-mentioned example at concentration 3x10 "*mol/L, 
and the adsorption solution B of the sensitizing dye used for the photosensitive layer of pars intermedia was 
prepared. 

[01 29]As red sensitizing dye which has absorption to 900 nm in the long wavelength side, Dissolve in the 
mixed solvent of acetonitrile:t-butanol (1:1) at concentration 5x10 "'mol/L, and further Ru complex pigment 
(coloring matter R-10) of an example as a meeting inhibitor, p-nonylphenoxyethoxy BUCHIRUSURUHON 
acid sodium was added 0.5% of the weight, it dissolved, and the solution C for adsorption of the sensitizing 
dye used for the lowermost photosensitive layer was prepared. 

[0130]5. Among the substrates with which the adsorption titanium dioxide particulate layer of coloring 
matter was painted, both sides immersed the conductive substrate in the above-mentioned coloring matter 
solution A for adsorption to each at the coloring matter solutions B and C for adsorption, and one side 
neglected the conductive substrate (for topmost part photosensitive layers) at 40 ** under stirring for 3 
hours. Thus, after making a titanium dioxide particulate layer dye coloring matter, the electrode was washed 
by acetonitrile and the dye sensitizing electrode used for the object for the topmost part, the object for pars 
intermedia, and three sorts of photosensitive layers for the bottoms was produced. 

[0131]6. It was failed to scratch the surrounding layer and the euphotic zone of area ^ of 1.0 cm was 
fabricated so that it might become one-side the square of 10 mm about the TiOz layer of the dye sensitizing 
TiOj electrode of three sorts of production of a photoelectric cell. These substrates were piled up in order 
of the topmost part-pars intermedia-bottom so that a photosensitive layer and a counter electrode layer 
might face each other according to the lamination of drawing 4 . Under the lowermost photosensitive layer, 
the platinum vacuum evaporation glass substrate was arranged as a counter electrode of light reflex nature. 
Among these substrates, as a frame-shaped spacer, it inserted and the polyethylene film (20 micrometers in 
thickness) of thermo-compression-bonding nature was piled up so that a photosensitive layer might be 
surrounded, and two or more substrates which heated the spacer part at 120 ** and were laminated were 
stuck by pressure, and it fixed. Furthermore, the seal of the edge part of a cell was carried out with epoxy 
resin adhesive. 
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[01 32] Next, it let the stoma for electrolysis solution pouring in beforehand provided in the corner part of the 
spacer pass, and the room temperature fused salt which comprises the presentation of Y7-2/Y8-1 / iodine 
=15:35:1 (weight ratio) as an electrolysis solution was infiltrated into inter-electrode space by a 50 ** basis 
using capillarity. All of the above cell fabrication process and the process of electrolysis solution pouring 
were carried out in above-mentioned dew point-60 ** dry air. After pouring of fused salt, the cell was 
attracted under the vacuum for several hours, the inside of a cell was deaerated, and low melting glass 
stopped the stoma for pouring in after the end. 

[0133]Thus, the dye sensitizing semiconductor wet type photocell (example 1) of this invention in which the 
photosensitive layer from which a wavelength characteristic differs was laminated was produced. 
[0134]The lamination type cell (examples 5 and 6) which changed and laminated an order of lamination of a 
photosensitive layer that three sorts of sensitization wavelength areas differed, in the similar way was also 
produced (here, it learned from the above-mentioned method and the substrate of one side conductivity 
was suitably used for coloring matter adsorption of the topmost photosensitive layer). Only two of three 
sorts of photosensitive layers were laminated, and the lamination type cell (examples 2-4, and 7) which has 
arranged the light reflex nature platinum counter electrode to the bottom of the heap was also produced. 
[01 35]In the long wavelength photosensitive layer, it replaced with the titanium oxide layer which carried out 
sensitization with the R-1 0 above-mentioned coloring matter, and the lamination type cell (example 8) using 
the long wavelength photosensitive layer which made the same coloring matter R-10 stick to a porous 
diacid-ized tin semiconductor layer was also produced. The photosensitive layer of this diacid-ized tin 
semiconductor has the character [ open circuit voltage / (Voc) ] fundamentally in which it is low, compared 
with the above-mentioned titanium oxide semiconductor photosensitive layer. 

[0136]The lamination type cell (comparative examples 1-4) which laminated the same nature photosensitive 
layer of a dye sensitizing semiconductor as an object for comparison, and the single cell (comparative 
examples 5-8) which consists of a single photosensitive layer were prepared for others. 
[0137]7. The xenon lamp (USHIO electrical and electric equipment) of the measurement 500W of 
photoelectric conversion efficiency was equipped with the compensation filter for sunlight simulations 
(AM1.5direct by Oriel), and the incident light intensity to the cell irradiated with the imitation sunlight 
adjusted to 100mW[/cm ] ^ 

[0138]The electric generating power of the produced photoelectrochemical cell was inputted into the 
current potential measuring device (sauce major unit 238 type made from a case rhe), and current/ voltage 
characteristics were measured. Child (%) and the efficiency IPGE for incident light quantity of photoelectric 
current generating measured in the short circuit current density (Jsc) of the photoelectrochemical cell 
called for by this and 650 nm of red spectrum regions, the open circuit electromotive voltage (Voc), and the 
energy conversion efficiency (eta) were indicated to Table 1 with the lamination of the lamination cell. 
[0139] 
[Table 1] 
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[01 40]The following things are clear from the result of Table 1 . 

1) The comparative examples 1-4 which laminated the same photosensitive layer of the optical absorption 
wavelength range, comparing with the single cell (comparative examples 5-8) used as the component — the 
short circuit current density Jsc and an energy conversion efficiency — most — Jsc and the energy 
conversion efficiency of Examples 1-8 of the laminated structure according to the conditions of this 
invention improve to change not being seen. 

[0141]2) From comparison of Example 3 and Example 4, when the upper levels' photosensitive layer is the 
same, give a high energy conversion efficiency with as high Jsc as that by which the absorption wavelength 
of the photosensitive layer put on a bottom-of-the-heap part attains to long wavelength more. 
[0142]3) Give a high energy conversion efficiency in the lamination cell using the combination of the same 
single cell from comparison of Examples 1, 5, and 6 with Jsc with higher the long wavelength end of the 
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optical absorption wavelength range arranging in the upper levels (incidence side) in order of short 
wavelength more. 

[0143]4) Although Voc is falling in a lamination cell from comparison of Examples 1 and 8 in Example 8 from 
which Voc of a single cell differs in the range which are 0.42-0. 66V compared with Example 1 which has the 
open circuit electromotive voltage Voc of the single cell which constitutes a cell in 0.65-0.66V, and the 
almost near range, It is because this has a rate as large as 19% which the standard deviation of Voc of three 
sorts of single cells gives to average value and change of Voc between single cells is large. However, 
Example 8 has the merit that Jsc is high, as compared with the comparative examples 1-8. 
[0144]Thus, it turns out that the lamination type solar cell made in accordance with the method of this 
invention is excellent in respect of condensing efficiency, and Jsc and IPCE reflecting it, and gives a high 
energy conversion efficiency from the result of the above-mentioned example. It turns out that a higher 
energy conversion efficiency is given in the cell which satisfies the various requirements especially shown in 
the claim. 
[0145] 

[Effect of the InventionjAs explained in full detail above, the optoelectric transducer of this invention excels 
[ condensing efficiency ] in the energy conversion efficiency highly. Therefore, the photoelectric cell which 
consists of this optoelectric transducer is very effective as a solar cell. 
[Brief Description of the Drawings] 

[Drawing 1] It is a fragmentary sectional view showing the structure of the desirable optoelectric transducer 
of this invention. 

[Drawing 2] It is a fragmentary sectional view showing the structure of the desirable optoelectric transducer 
of this invention. 

[Drawing 3] It is a fragmentary sectional view showing the structure of the desirable optoelectric transducer 
of this invention. 

[Drawing 4] It is a fragmentary sectional view showing the structure of the desirable optoelectric transducer 
of this invention. 

[Drawing 5] It is a fragmentary sectional view showing the structure of the desirable optoelectric transducer 
of this invention. 

[Drawing 6] It is a fragmentary sectional view showing the structure of the desirable optoelectric transducer 
of this invention. 

[Drawing 7] It is a sectional view showing the equivalent circuit of the desirable optoelectric transducer of 
this invention. 

[Drawing 8] It is a sectional view showing the equivalent circuit of the desirable optoelectric transducer of 
this invention. 
[Description of Notations] 

I ... Optoelectric transducer 
la ... Leak hole 

10 ... Conductive layer 

10a ... Transparent conductive layer 

I I ... Metal lead 
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20, 20a, 20b, 20c ... Photosensitive layer 

21 ... Semiconductor particulate 

22 ... Coloring matter 

23 ... Charge transporting material 
30 ... Charge transfer layer 

40 ... Counter electrode conductive layer 

40a ... Transparent counter electrode conductive layer 

50 ... Substrate 

50a ... Transparent substrate 

60 ... Under coat 

2 ... External circuit 



[Translation done.] 
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SlC^SL (T.Miyasaka, et al . , Nature, 277#, p63 
10 8-640,1979^,111, g®, 19#,p532 - 541 , 1981^) ^ 
^ 6 lC^fiWf^:lCK««™©A^V^aS?]l»f*^ffl 

^fi»f*© W4?©^?LK?i*;i^MSlc:ffl Tf# ti 2. 
ft©,^^.Tr t r X y 3 ^^m^tte^ill-r § d t 

*w#5nso mft©e«b-<;vtLT. ^mx^i^T- 

i:.ft#:^ffll/^T800~900 n m S T-© nl^lTt^^OTT- 
10%3fiV>*^«x^;l/4i-Sm^^^^f#t,nTl.^ 
20 So ^:n?>©a#e^ffa^ Nature, 353#. p737 - 74 
0, 1991^*3<it;*S#ff4927721^. 1115350644^. # 
lfW5-504023VtCj;oT|g^^nTV^So dtlS©?! 
S*Pimrfi©*Pix^.;P4^-^i^<%*;&4^ft^ 6 ICEM 
gWTSS?!:©A\ Alt)t©*)tt)t?-«?©« 
?^m©?;^*'Sr)>iii*r<'oW;v)t«?5c!;* (ipce) ©[n]± 
(^S(.Hi:^$S)f4je1t-S;Ji!;Jsc©[B]±) hW^^imM. 

J± (Voc) ©[n]±T^So 
[0 0 0 3] cl©Be5©/cJ6lC. feSff»Jj©3$CSt b 
Chem. Commun. , pl705-1706, 1997^^lcaKlR?Sft^ 
30 «^920 n m S Tfitf /cRuflf*^:/^ V ^feS^*-© 
ti,'^fe^tCffll^Ti^— fe;VT7t^lM*^ffiAL. Jsc^ 

(i , Ji7tiJg:gil«*^JJAA'r 5 flt!75-T IPCE^Voc^ if if' @ 

fe. J.Phys.Chem.B,||l03#,p8940-8943tca pSJ^i^f* 
aS?^feST-JiSLT7t*y- FlCfflV^S;?^. W099 
/163599^lcacl©)t*y-F^feSii^nM*W#t 

*\ y - F«©feSii^5cfi^ h iM.ii^%rj - f 
40 ©^n?.ictt^TSi6Tffit/^/cJ6. cins^a^fjtci^s^ 

L/c-b;VTtt7t*y- FW*W©!P F -y t a 

[000 4] --n.. ^»»#8©«©HA» t LT/c t ^ 
a\ J. Phys. Chem. B, 103#, p9238-9332, 1999^]2tC 

ti. fEWx;r-;i/4i-Wji©i«(/^-:f ^ ^'SX h n y^^-^ 
A*^^«l*{bL/ciaS, IPCE t Jsc*W> LT*7t©«) 

[0 0 0 5] z.ayi.b\z.^mmmmm^i^^:^^m 

50 -gj^tcfet/^Tfi. )fcmgj^©M?«l*^S!S^-rS)t« 
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[0 0 0 6] 

(ipcE) . rj:i^xsKmmnm.m!S. Osc) mm 

[0 0 0 7] 

K±©7t7/-Ft. nmmmt. mmt^m^^ 

iltlcj;D. »Alt7t«?5»^ (IPCE) . S 

?.t;sc@is«)^ffiK (jsc) ©ai(#$n/cfeSJi^^« 

/Co 

[0 0 0 8] tS^-^. *fgB^©)t«^««?a. A« 
[0 0 0 9] S/£. *fgH^©7t«rfili:. ^fgH^CTtM^ 

[0 0 10] *fe0^aTfB^ff^»ft-r;it(cj;D. - 

[00 11] (1) MfH2m±(D)t7y-Fa. 7t¥ 30 

[0012] (2) mmwiMio^mm 
-tr;i/*^#^ s mm^^^nj±(DmimmMmff 1 5 %k 

[0013] (3) Mfe7try-F®'>a< tfe 1-3 40 

[0 0 14] (4) Mte=&7try-F^Sj?Sc-r^*Wf* 
wML^t)\ ^^ywm. mmm. :^:m.\m. ^ 



M^ftl^*^ § d t L V\ 
[0 0 15] (5) MfH«<wf^»ii*\ ^;tMEWtt« 

[0016] 

~ F ®«AMSft lc43Jt S 10 % ® Kt^S^^ 

fe*;&SS?'r S C t j; ^3 ftST^ « o 

[0 0 17] ifmm^wmm'i-^^. »SL<agii 

5SH;^*«SlOa (Xa^M/llO) , T^DJlBO. iS)tl2 

0. «w#«iJi3o. aH^«s»«/i40a (xa>pfs»«/i 

40) ©Jl&Cttjlb. MHS.€7tii20^fe^22tj;oTti^ 
$n/c*Wf^:mS?21 1 ^M*»*ae?21<D^®3MP« 

icSjSL/cmfiMtfS23t*^?.SfiSc'rso mm\.t^ 

lMT-fe^MSj5ScTfej;V>. mf|jMffS23ti:. 

«)«30tcffl(.^sff8i;|iiu;)5)c5i-*^e>:&?.o S/c7t«« 

40*3ckmi«T^tt-l.aS50*^S^-l.jl^ r>(fSj tnf 

[0 0 18] immz-^^-^xM. mir&ww^Wknws.'^ 
m^(r)mtmm-^T \z %r^3m ^ t> 5 ft a . %mm 

ft. ^©fii3©mii. ^nimmmimmxs> 
±ji©^7tji^ajibft7t*^««/i^3SjiLT«© 

[0 0 19] mil^TTst^^MctSl^T. fe^22tCj;D 
ti,^:^ nft¥«f*W4?2 1 ^^i&li)t]i20tC Alt LftTt 

i±^m22mmmL. aiastiftfe^22^^©fljx^.;i/ 
4i-©it?*^¥»ftae?2i©ew?ptcMsti. s 6 
ffi;sttc:<t <D mnmm^mmt^o ccot §^^22^©^^ 

t?«##»]i30;&gT-fe^22»©ffifbl*li:MD. fe^22 

*^i?^fe-rSo ^»oa)try-FtLT«<o ^n^' 
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[0 0 2 0] (X) ^n^mm^(Dmmm'Dm#m 

[0 0 2 1] mmmmmmi^. mzt^m 

a o^nmicmmmnmwa^i)-LTmytiikmmim^rj: 

nmo a ^unLTzM^mmrs^wmoa. m-fmiat 

[0 0 2 2] 03a, m2tmm^smftm20a. 2ob^ 

'g-<&-b;l/T$. S mftmzo a fell bT«/i©|ilM:^^S* 

So g±/ia?«T^i: < mftmzo a t ^-^^m+Tcio 

*^3SH^»«ii0»S4o a . im^mmmmnm wat 
S7tii2ob^ffiaL/cjSH^as50a*^«*^nSo ^nj; 

[0 0 2 3] mA(ommi.. ^^mMffskmmmnws. 

03t^cTa&D. mytmzQh (Dymi^i^m (40 at so 
a) ^tt^^T^)t;i20c*^igM^tlSo m% 

M20 c ©S7t«ft^«aS7tM20 b ©S7t««ffi«ct D 
V\ ^^il20a{iWfe~Sfe(D««;&. S 

7tS2o b asfe~*fe®ifi«;&. ^)tM2o c 



[0024] 05a. 04 (Dwmmm^. nmommfi 
(/ ^ a¥tTiS«©iBS/ ^ ^ - y 6 a 2. o nf*e^tc a , s 

i|iIAM0/im;6^b 1 mm. W^if^O. 1 fim*^6 1 fim©iB 

t L Tisti- b n 2. . itm y - F 1 1 aSBi^WMii i oa t 

L < «SHj!^«40 a ©ltSCfE»^^±5i^ S SS^T^tt 
?.n. jSH^W«iilOafeL<a3SH^»S40at«MW(C 

^^x3/^fc\±mmmmnm4o a tsKff*:5o a 

[0 0 2 5] 0 6a. 3a©ii7trsgis«©msii7t 
St. lS©«a«ff*fflv^/c«ijic©M?^§o «'^X 

© J; ^ *aH^*sm*5o a ^ 3 ftfgffl L. m 1 ©Sit f* 

50 a (Dymim^mZQa^Wf. W, 2 ©SSffiSO a ©± 
ffilC^«ii20b^^ttS 1 1 felCTffi(CS^ji20c^^ 
20 tt. ®3©S«ff*50a©±®lC«a^S40^^tt. MfH 
^7tii20at20bt(D^&t>\ S)tJi20ct«ffi40t©^ 

S20b. |g 2 ©SJtf*50 a Rt;^yi:l20c*M}l-r 
^»)ffl©y-^?Ll alCj;D. ^7tl20a. 20b, 20c<t W 

tS40i:a. ^■n^^'n«^^#»]i3o^/rLTi>iLTi^<c,,, 

[0 0 2 6] 0 2*^60 6 ©a*SjttCfcl/^T. -LvHl 
[0 0 2 7] ±fBO*5g0i5©»Ji§!J«jg-fe;VtC|3V^T. 

1) ^T©^s^^a50^T«^LTita^stb. 
^T-s^LTwary-Ftt-So -fis^^-^. ^^tut 

2) ^iitnm ^mmo^y mcommmnm 

[0 0 2 8] 07. 08tca. Z.tl^^W^}V3mti'^ 

12© 1) t2) ©SJjSc©'?-^. cfcD»$Li/^©ttM^iJ|l] 
^*^55S:S1) ©SijSc (07) TSSo ^tc. 1) t 

2) ©Eumi m^\hun) niniim^xntcm-^m 
50 [0 0 2 9] ±.m(DmmT^m\mmu mmm'tiv^m 
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©^ii-b;^^M]iL/c-tr;l/©^ffiIHI^S^c:^3^.^TMM«^c:3i 

(voc) (Dmmiumff¥^mi^M l s sj-a-*'' 1 5 % 

^iJlclS^^n. ffl^©*-b;V*^#^SSm7t«^ (Is 
c) ©®^fiM*'!¥^»c^LT#^SSiJ^*M5%Krt 

[0 0 3 0] (B) »1ltt^#f* 

±. IS, m. nv^^-'^h. n^y^h. -^y 

sw^Li/^fecDii:. mmimmmm (.m^y^m^v 
[0 0 3 1] mn'\i^nmmmmm&^^^§:t^\: » 

S H/^«®aK®»SH{i:lOOQ/nOT-e^ f3 . ^ Sic 

tMPBa^(/^*\ amo.iQ/nesT-afeSo 

[0 0 3 2] 3SB^W»ttS«fl*:ailK«lcjSH^T-feSci 
t*^^^^ST$.D^ 400-900 nm©r^^ftffiHlC43t/^T. 7t 3o 
^f*©aji*a, 50%t:^±T-<l5?.O*WSL<. 70%JJ( 

[0 0 3 3] +^^a}iHi5tt^BSfSb, fi^-D. 

im2^/tDo.oi~ioogi;-rs©*w$Li/\ ^(Dmnm 

©if ^ ao . 02-10 ;i mefi*WS 
[0 0 3 4] jSH^WttSWff^ctLTa. 

5 =5: S jSH^W«M^«flJ S t D m L/C 

X x*^ ?. a s *fg 3 X h © y - y n - h ^' 

^ X TT^ /cgHI5SS±tc Jta L/c*Mtt:^j'^ X :^^{!f $ 

a*^^?* t -r s t a. mmt^ v 4 ^vj^imnm 

o#|5ttLTa. xh^r-trf-;l/-b;l/n-x (tag) . 

;J?i;x^lx>'7^1^7^l—h (PET) . :i}^UX^l.y-?- 
y^U-V (PEN) . >'y>>':t^^^f-y^'5KUX7'l-> 
(SPS) . J]^y7x:::l-yX;l/7^' F (PPS) . ^I^UA;- 

(PC) . t^VrVly~h (PAr) . *°UX;l/7 50 



*y (PSF) . :}<uxX'r;i/x;i/7*>' (pes) . :}<yx 
— r;M5F (pei) . mM:f^vtiyy4ys ynhit 

»mi4^M^ftt)©-M^[J« a X S /£ a 7°^ X -If -y 
©3^J$f*l m^a/cDO.Ol-lOOgt-rSO^WSH/^ 
[0 0 3 5] iiB|§*m5:M*©gJrL^Tlf2.ie^T^ 

:^-y^r;i.^©#M;?)^$f 

i&ymm l < aio%«rt. j; d»s l < a 1 - 5 % t 

[0 0 3 6] (0 ^ftm 

[0 0 3 7] (1) ^wf^cas? 

(M^tf^» B^ftf^^ -trl^yftft^) . S/cli 

p 7~x * ^ F «ji^#t- s it-^m (M^ii^^ ymx 
hvy^^L. =f-^ymti)\^yyL.. ^^^ym-rvvy 
A. =fi^ym^^vyi.. ::^tymtivyhm) m&m 

[0 0 3 8] $tSH/^#/l©:^7;l/ny- Ft LT. -9^^ 

xx; mm. ^yvy.i-y. 'j)i^=i=.yL.. /^ 
y-'^h. xhuy^f^h. -<yi?^h. -by^^i^. 
-yFy^i.. "yy-^y. ^^i-i^^h. :^ty. ^fclt^ 

y^tz.\±\ix-^7.o:>mm. ts F5'^i:^Sfcai&©-b:i/ 
y{m. *F5'>A©x;WHl:*^^AW?>nSo ffi® 

F = 2.^© u yftii). z.- n^s /£ ail— f y 
'jy h.(r)^\yy\m. m--<y'jyh(r>mmmif'mf 

[0 0 3 9] imm\z.m^^^^%wm^\.^^mm\ 

a. SI. TIO2, Sn02, Fe2 03. WO3. ZnO. NbzOs. CdS. Z 
nS, PbS, BI2S3, CdSe, CdTe, GaP, InP. GaAs. Cuin 
S2. CuInSe2«|T-2fef3s <t Dff^ L< liTl02, ZnO. Sn 
O2. Fe2 03, WO3, Nb2 05, CdS, PbS, CdSe, InP, GaAs^ 
GuInS2 SfcliCuInSe2T-J&D. ^\CW^ L < ^1102 ^fc 
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[0 0 4 0] :^mmimi^'^^mm±s^m^BT'h^m^B 

[0 0 4 1] ^Wf*ae?©eS{i;-|l5lc:nm~/xm©4- 

SL<. 8~100nm*UDiifSH/\ S/c^)-|»gf|i®* io 
<73¥*§SSaO. 01-10 ;tm*W 

[0 0 4 2] es^fljoa^s 2mm&.±(Dwm^^u 

©ifi«f*S?>&?l^ L T j; v\ 
[0 0 4 3] ifi«f*ae?©it»StLTa. ftTE^* 
© ry-;P-y;l.S©l4¥J 7^-^*M?± (1998^) . e 

ffij (1995^) mictm(DV}\^-vm. 

XftA-ffiW LCOi ^ L 4 ') . 1012-1018 
H 19%'l Ic. dlVO)^j )l Jill i4 , ^tcde 

gus dfi/fw^/gL/Lm ^£m7<^i^^cmMLm7i<'m 
[0 0 4 4] ¥»#:ae?*wb9^^>'©s^. ±tey~ 

r^ffcf-^y mttmmh mmmR (mi^) so 

12^1, 3157~317lM (1997^1^) lcBM(DMi'^. ^^-^ 
it^HScy^Xhy--;^^- vriJ7;l/X HlO 
#. ®9^. 2419~2425HlCteK©;3Sfe»SH/\ 
[0 0 4 5] ( 2 ) J^fiSc 

mm^mmmmmTs^^o u^(Dmm^mt bra 
[0 0 4 6] ^mimn^'V'T^wmimt^mitL 

[0 0 4 7] 'T^mmt bra. 7kRi±^m<D^mmm so 



[0 0 4 8] m^:f;mtLTi±. ry'Vr-iyay^t 
LTP-^ri;. xV>y7°rS^. ><-^y y^^'^t ltx 

-4589^lC|i^$nTI/^Sy^-Y-/^-S. *S#ff268 
1294^. 1112761419^. |Wl2761791^^tt2«®X^-r F 

t^y7i~m. x^xh 3 i/^. ti-T^ymmtim 

[0 0 4 9] *W#:«u?©53^i{?S©^fiSa¥»f*a5f4 
ff0.01~500Poise) T?liX^7Xh;V— i/3 y^S. ^-VX 

hffi. x^v-ymmmmf^Li\ t/tifm/tis 

(i?iJ;^«'0.1PoiseOT) T-ax^-r H*-y^N-U;-, V Y 
■^-7WiXttXtfyri*Wi;L< , -/c)Kt<:<r^^,c: 

[0 0 5 0] mi^mn^(omwm^m^t. 

M) ^■mt^^m-tpm^-^mm-tpLfc d -r § c 1 
T <fe s „ ^ ii'tfp a X ^ X h ;]/- V 3 vffix a X ^ -f 

K * -y / b T t/ ^ o S ^ jl'^flJ ^ T S ^ a 

[00 5 1] -»lc^fiWf^:aS?M®jp$ 

m?ojJAi(ggil*^tfr/ci6MflfS|gi^tc i s nx 

tifS bV^jf ^ m . 5~30 M iiiTSSo 7tAlf®S*fM®^ 
Ti■ji(^©Ma^ TtM^ff ^ 1 1 1 tc)t;&5S®^-l^« 
*2>B*^J&a©T\ l~10/im 
*W^b<. 2-9 /im*UDff^b<. 4-7 /im*^ 
^ Steffi bt/\ «T]iacinj;D]P<Tt«t)S:V\ 
^)trX-Ftc*3V^T. it^»#«!(e?©3£#l*;im2S/c 
D MflfMliO. 5~30g*Wi; b < . 3 ~12g*U D lif b 
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[0 0 5 2] ^mi^wn^^mn'\i-SMi^±im^Lrc 

Ha4o°ciu±7oo°C7f^?STa&D^ i DlitS l < aiootuu 

[0 0 5 3] An«iMfI^W«]i?ro«ffia*m^^ 

[0 0 5 4] < (D^m^mmt set 

[0 0 5 5] (3) 



[0 0 5 6] c ^ Lfcfe^a^^i^cffie^castc^-r 

SaiSaiS-^a (interlocking group) ^#LTI/^5© 
AWSLl/\ WSH/^ISi^StLTa. COOHS. OHS. 
SO3HS, ->7yS. -P(0)(0H)2S, -0P(0) (0H)2S, s 

/ta;t4^->A, >>';^-^i/z.. nFn^^^i/:^^/ yx ^?-y 
■9^ I— h lo i t; a h xy h © i ^ a n ewtt^ 
mt^^v-v\mt)Wf'f^ri^. a*^TtcooHS. -p 

(0)(0H)2S. -0P(0)(0H)2SAWt<:^!fSLV\ cltlS© 

yi=fymffx^rvv'^L.m'p^u=i:^^L.m^m 

[0 0 5 7] uT. mytmi^f^^'Ui-^n^-''&,m^mi^ 
[0 0 5 8] (a. ±mmimm 

M^a"7KSfflf4927721^. 1114684537^. [115084365 

1115350644^. 1115463057^. 1115525440^. #li¥7 
-249790^. #a¥l0-504512^. tai?#ff98/50393^^ 

[0 0 5 9] ^6^c*«H^T-ffl^/^s;^x:^'^i^Si#:fe^ 

tiTi2-S3xi: ( I ) : 
(Ai)pRu(B-a)(B^b)(B-c) • • • M ' 

1. SCN. H2O. Br. I. CN. NCOfc' .ttfSeCN*^^:^;?.^*^ 

?.Bffn/ciBffi?^«u pao~3©SiS[T-afe«o b- 

a. B-b43j;t;B-ca^nWtelcTt2SB-l~B-10 : 
[0 0 6 0] 

[ftl] 



(8) 



2 0 0 1 - 3 1 9 6 




[0 0 6 1] (/c^cL. Rii liimm^^Tcimmm^ 




m (m^. mm^) T-tctv^ ) 

^*^?.affn/cWaiBffi?^«t-o B-a. B-b*3j;tfB-c 

[0 0 6 2] ^mm^^miDmLh^mmmxric^s 

[0 0 6 3] 
[ft 2] 
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16 

(Ai)pRu(B-a)(B-b)(B-c) ■ • ■ (I) 



R-12 
R-13 



SCN 
SON 
SCN 



30 




HOOC COOH 





R-20 




-COOH 



T J. 




HOOC-^^'X 



H3C CH3 



[0 0 6 6] (b) yi^y&m 

[0 0 6 7] cmSOfeSO-n-JjScfefet^Ot/^Ta. X7 • 
S-h • /N— x'— (F.M.Hamer)# T^x D+J--r ^ U -y ^ • 

• 3y/^'i'>'X(Heterocyclic Compounds- Cyan ine Dyes 
and Related Compounds) J ^ i/3l/''i'^'U' — • fy 



F • -y-yXCJohn Wiley & Sons)a-:^a-3-^'. n 

yyy.. \ 9 & a^^^^I -r- • xZ:, • x^-v-(d.m.s 
turmer)# F-x-r nHt-T U -y • ny/^-^yX-X-^ 
v'i';!/- Ftf-y^x--ry •^f-n^j-'f^'y-y^' -^5 

XFU — (Heterocyclic Compounds-Special topics in 
heterocyclic chemistry) J , ®18:¥, ®14li5, ||482*'' 

5515H. iy^y ' ^4^)- -ryY -"d-yXOohnm 

ley & Sons)tt-Xa-3-^, D^'FX 1977^PT(J, 

rn-yX • ^5XF U - • ^tT' • ^-^Fy • :3y/^'^7> 

X(Rodd s Chemistry of Carbon Compounds) J 2nd. Ed. v 
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21 

ol. IV, part B,1977flJ. HIS*. ||369*-'?>422H. X;l/ 
■blfT • ^-C:r.yx ■ ^^fVy^ ■ fiy^^=- fy"/ 

(Elsevier Science Publishing Company Inc^SflL - 
a — 3 — ^7. ^BWff® 1,077, 611^1, Ukrainskii Khim 
icheskii Zhurnal, ®40#, ® 3 . 253~258M. Dyes 
and Pigments, ®21#, 227~234Mlo itf'cinbWi 

[0 0 6 8] dOffi, y^Ui/r:z.y^^X}-fy^Ui/ 

Di/r->'t^©SI*#:^ f-h'7y3i:::.)l:r^)iy^Vy io 

mmi^. ^m^^^iy^vyt^cDmmi^. sift^sL 

[0 0 6 9] (A) ^mitwmi'^(D&.m(Dvm 

v-^m. :i^7~i--^ymmifmm'i'v^^o s 20 

iffli¥7-249790^(CfH«$nTI/^« j; ^ (CiDiljlriLT 

/ X ^ -r F * -y / x.i/7.h)l-'ya y ffi. 
tLxii. am. ty^yh. ^y\£r. x->v-ym 

;K t-T'^y-^K oi^jirji^i-jm) . -hu;^ 

ni:f:t:^hU;^^) . :^Fny^x ^>n^^'yft:ilft:7j< 
^?nn^y-)fy^) , x— r;l/|| (>>'x-5^;l/x— r/b, 

s N-y^;HfDUFx l,3-v^><^;W5^y 
Uv>VX 3-yg^;l/;t^+>-y~U>^Vx xxx;l/S (ft 
^xg^;l/. ft^^g^;!^^) . M^xxx;l/S (mMi^x. 

2-7'^yx >'^n-\^^?-yy=|) , mit 40 

[0 0 7 0] ^m^Dmmmmi^-^i'Ti,. ^mimm 
^nm^f^mtmmi^. mmm (M^a"o.oi~5oopoi 
se) Tax^'x h;i/- i>'3 ym(Dmi^^mmmtm'^ 

F*-y>'^-te. 7-r-t-/^-ffi^:rc{iXtfyS*^®S 
[0 0 7 1] C©j;^(cfe^©^flJr«(D*!ifi. 
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[0 0 7 2] *®^©fe^©#ffia^?tttg©5i.SLtca 

40~80°C©^TS^<feS^K«^-l^S®*W^LV\ 

[0 0 7 3] ^m(D±mmit. m-nrnmrnw^m 

mW. (Im2) S/cD0.01~100mmol*WSLl/\ ^/cfe 

a/cf^O.Ol- 1 mmolT-a&S©AWSH/\ dOct-jftfe 

[0 0 7 4] ^^©j;dSfeS^±®IBS{tffl^ffiS-r 

[0 0 7 5] ^<,}j£ii>MoMJ^^vmt<i\Mr(:. 

4-t-7^;l/tf Uv^X lfx;Hf U v^^'^^WSn 

[0 0 7 6] (D^ nmmm 
ymmmmtLT. m^m7LM(D-ctymmLrcmm 

[0 0 7 7] (1) mmmmm 

^^\^^^m^l±. MAtfW095/18456^, # li¥8-259543 
m65#. 11-^, 923H (1997^P) micB 

m^nrh^^\iV'y=.^L.u. ^^^yy^Afe hv 



(13) 
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[0 0 7 8] $ifSL<fflV^§clt©T-#aig^^tLT [0 0 7 9] 

lis Tf2-«S (Y-a) . (Y-b) (Y-c) ©V^-ftl [ft 5] 



CD 



I- • ■ • (Y-a) 

Ryl 



Ry2 ^1 

Ry3 



(Y-b) 



Ry4 .Ry2 



Ry6^ 



1* 

Ry5 Ry4 



(Y-C) 



[0 0 8 0] (Y-a) Qyi li:g*lg?t«ti:5 

to Qyi aM^M?^ 7mm^. mmm^. mmm^R 

[0 0 8 1] Qyi fcj;Dm^tlS SMSa^ t^^V 
1?$.S©*'!fflc»SLi/\ Qyi tc<iDJ^J?Sc^nS6MS 

a. ifUv^'^'S. ifU5>^":/s^ \£v^i^yms t^^^^* 
[0 0 8 2] -las (Y-b) Ayi i±mmm^xi±vy 

[0 0 8 3] (Y-a) , (Y-b) Stf (Y-c) cfJOR 

yi ~Ry6 ii'tn'enniLicmmximmm(Drji^jim 



a^) ^«L. if9&SL<ttgi^)fi?|!(2~18©r;P 

+;^axiiM*ig?a 2 ~ isoy/ji^—^vm'c^ d . # 
b < nmmmi'WL 2-6 © 7;i/4^;i/aTfe s o 

[0 0 8 4] Sfc. (Y-b) c|i©Ryi ~Ry4 © 

2 0K±*^SV^lcaSLTAyi ^^ty#^S«S^ffM 

30 bTtJ;<. (Y-c) cflORyl ~Ry6 ®^^2 0J.)( 

± l ^ L T ii«3g L T t i I ^ 

[0 0 8 5] -^xi. (Y-a) . (Y-b) St/ (Y-c) cfCQ 
yi S0Ryi ~Ry6 a««S^# LT T cfc < . LV^ 

■Mac»Mi:bTtt. /Npy^yfC? (F. cu Br. i 

«i) ^ 'y7/m. r;i/34^s/a (^h^^s/a. xh:^^i/ 
a^) ^ ru-n^v-a (^xy+^ya^) ^ 7)i^^)V 

(xh4^iy*;l/ip:^;l/a^) ^ K^xxt 
;l/a (xh:^^>/:^7;l/4^~:::;l/;t4^>'a^) ^ 7>';l'a (7 
40 ■tr^;i/a. y^ntf:t-;va. -ti/y~'i';i/a^) . x;!/* 
-;VS (y yx;^*:^;VS. -ty-if yx;l/*:^;l/S 

^) . ri^m^iym (r-feh^i/g. -<yy'-f;i/;^-^ 
i^S^) . x;i/*-;i/:t^i^S (y^yx;!/*-;!/;^-^ 
iyg, h;l/xyx;l/*-;l/;^-^i/S^) . *X*-;l/S 
(>>x^;l/*;X*:^;l/S^) . 75 FS (7-b-9^;l/75 
ys, -<^'yV;i/75ys^) . *;i//^t-r;^S (N,N- 
s>'^^;i/*;w^^'i';i/a^) . r;i/4^;i/a (^^;^a^ 

;l/a. f^f-Jm. 2-;?7;l/4^"4^S/xf-;l/a. -<yi/*;l/a 

50 =1) , rv~m (yi:^;i/a. h;M;i/a») . mm 
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[0 0 8 6] (Y-a) , (Y-b) Xl± (^-c) fcli 

Dg^t^2.^t1a•i)a^ Qyi xaRyi -Rye */i-LT^«f* 

[0 0 8 7] c:tie>©!§Mi!i^tt. ^JST-fgfflLTt. 2 

(C1-. Br-^) . NSC-. BF4-. P 
(Y1) 



O 



) 2 0 0 1 - 3 1 9 6 8 
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F6-. CIO4-. (CF3S02)2N-. (CF3CF2S02)2N-. CF3SO3-. 
CF3COO-, Ph4B-. (CF3S02)3C-^*W*LV^MtLTP 
If^n. (CF3S02)2N-XaBF4-TafeS®*^<i L 

i/\ $fc. LI irjiEimB^mm^mut^ct^T 

[0 0 8 8] *^H^T»^L<ffll/^?.nS!§fflffi®m 



[0081 
[ft 6] 



C8Hi7(n) 



Y1-1 X=l 

Y1-2 X=BF4 

Y1-3 X=N(S02CF3)2 

Y1-4 X=PF6 



(Y2) 



O 



Ci2H25{n) 



Y2-1 X=l 
Y2-2 X=BF4 
Y2-3 X=N(S02CF3)2 
Y2-4 X=PF6 



(Y3) 



CH3 
C4H9(n) 



Y3-1 X=l 

Y3-2 X=BF4 

Y3-3 X=N(S02CF3)2 



(Y4) 



CH2CN 



Y4-1 X=l 

Y4-2 X=BF4 

Y4-3 X=N(S02CF3)2 



(Y5) 



CH2CN 



C4H9(n) 



Y5-1 X=l 

Y5-2 X=BF4 

Y5-3 X=N{S02CF3)2 



(Y6) 



COOC2H5 



+r[j 

C4H9(n) 



Y6-1 X=l 

Y6-2 X=BF4 

Y6-3 X=N(S02CF3)2 



#11 2001-319698 



/=\ 



Y7-1 X=l 
Y7-2 X=BF4 
Y7-3 X=N(S02CF3)2 
Y7-4 X=Br 



(Y8) 



HgC"^ ^ C4H9(n) 



Y8-1 X=l 

Y8-2 X=BF4 

Y8-3 X=N(S02CF3)2 



(Y9) 



H3C Y CeHiaCn) 
CH3 



Y9-1 X=l 

Y9-2 X=BF4 

Y9-3 X=N(S02CF3)2 



(Y10) 



(CH2CH20)2CH3 



N+ 

(CH2CH20)2CH3 



Y10-1 X=l 

Y10-2 X=BF4 

Y10-3 X=N(S02CF3)2 



(Y11) 



(Y12) 



(CH2CH20)2CH3 

CH2OCH2CH2OCH3 
(CH2CH20)2CH3 
(CH2CH20)3CH3 

o 

(CH2CH20)3CH3 



Y11-1 X=l 

Y11-2X=BF4 

Y11-3X=N{S02CF3)2 



Y12-1 X=l 
Y12-2 X=BF4 
Y12-3 X=N(S02CF3)2 
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(Y13) Y13-1 X=l 

/=\ X X- /=\ Y13-2 X=BF4 

*^<^ Y13-3 X=N(S02CF3)2 

(n)C4H9^ ^ ^(CH2)6 ^ C4H9{n) 



o 

\=/ Y14-1 X=l 

{Y14) / \ 



Y14-2 X=BF4 



HgC \^ C4H9(n) ^ Y14-3 X=N(S02CF3)2 



/=\ Y15-1 X=l 

(Y15) r-Y^'c^.m )f Y1S-2X.BF. 

( / Y15-3 X=N(S02CF3)2 



(Y16) 



j^. Y16-1 X=l 

VJ' \-/ Y16-3 X=N(S 



Y16-3 X=N(S02CF3)2 




Y17-2X=BF4 
Y17-3X=N(S02CF3)2 



[0 0 9 2] 



[ft 9] 



(Y18) CHgCHg- 



CH2CH3 
-r[l^C4H9(n) 
CH2CH3 



(Y19) 



CH2CH3 
HgC-rjl— (CH2CH20)2CH3 
CH2CH3 



(Y20) {CH2CH20)2CH3 
CH3{OCH2CH2)2-N— (CH2CH20)2CH3 
(CH2CH20)2CH3 
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Y18-1 X=l 
Y18-2 X=BF4 
Y18-3 X=N(S02CF3)2 
Y18-4 X=PF6 

Y19-1 X=l 
Y19-2 X=BF4 
Y19-3 X=N(S02CF3)2 



Y20-1 X=l 

Y20-2 X=BF4 

Y20-3 X=N(S02CF3)2 



i\\r H Y21-1 X=l 

{i)C3H^^^cH2CH3 X" Y21-2X=BF4 

j.^ Y21-3 X=N(S02CF3)2 



Y22-1 X=l 

(Y22) ^^^^^ /=\ Y22-2X=BF4 

CH3CH2-i;j^CH2CH20^ X- Y22-3 X=N(S02CF3)2 
CH2CH3 



Y23-1 X=l 

(Y23) [ \ ^ Y23-2 X=BF4 

Y23-3 X=N(S02CF3)2 

H3C'' ''C4H9(n) 



0 



Y24-1 X=l 

(Y24) Y24-2 X=BF, 



H3C' C4Hg(n) Y24-3 X=N(S02CF3)2 



[0 0 9 3] 



[ftl 0] 



(Y25) 
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C4H9(n) Y25-1 X=l 

H3C-P-C4H9(n) ^ Y25-2 X=BF4 

C4H9(n) Y25-3 X=N{S02CF3)2 



{Y26) 



0 O. Y26-1 X=l 

J Y26-2 X=BF4 



9 o' 

sv 

CH3CH2{OCH2CH2)2 (CH2CH20)2CH2CH3 



+^ X- ^^^"^ X=N(S02CF3)2 



(Y27) 



0 



Y27-1 X=l 

Y27-2 X=BF4 



"l** Y27-3 X=N(S02CF3)2 

(CHzCHsPjaOCHsCHs 



r^N'^ Y28-1 X=l 

{Y28) r° O. °--| Y28-2 X=BF4 



CH3 



Y28-3 X=N(S02CF3)2 



[0 0 9 4] 



[ft 1 1 ] 



(19) 



2 0 0 1 

36 



X. 



Y29-1 X=l 

Y29-2 X=N(S02CF3)2 



1^ IjJ Y29-3 X=BF4 

Me Me Y29-4 X=PF6 



H^ + ^Bu(n) 



Y30-1 X=l 



y^*^® ^ Y30-2 X=N(S02CF3)2 

Me Me Y30-3 X=BF4 

Y30-4 X=CF3S03 



H^ + /{CH2CH20)2CH3 
■^^^N-^N"^® X- Y31-2 X=N(S02CF3)2 



Y31-1 X=l 



Me Me Y31-3 X=BF4 



Y32-1 X=l 

Y32-2 X=N(S02CF3)2 



I I 

Me Me Y32-3 X=BF4 



[ftl 2] 
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CHg (OCH2CH2)2-.+ ^(CH2CH20)2-CH3 

<V33. 1 
N 



Me^..^^.Me x Y33-2 X=N(S02CF3)2 



I I Y33-3 X=BF4 

Me Me 



9 

11 Y34-1 X=l 

(Y34) Meyk ,Me ^ ^^^^ x=N(S02CF3). 

Me Me Y34-3 X=BF4 



^{CH2CH20)2CH3 



aY35-1 X=l 
"fsj"^"" X- Y35-2 X=N(S02CF3)2 

Y35-3 X=BF4 



(Y36) 



X" 



[0 0 9 6] ±mmmimmmici±. mmmi^^rjii^^y; 

[0 0 9 7] mmm.i^mica^m^mut^(Dmm 

tc^f LTO. 1~20H«%TJ&S©*WS L < . 0. 5~ 5 K 

[0 0 9 8] (2) mmm 

mm. isj;iismmm^mfS.-sn^!itm^Lh\ * so 



Y36-1 X=l 

Y36-2 X=N(S02CF3)2 
Y36-3 X=BF4 

tLT^L iKNaKKKCsKCal2:S:if 

2) . B Tztmmmm^t^^ (MimtLTliL 
iBr, NaBr, KBr, CsBr, CaBr2 

© ^mmm. eg s 1/ Hi f - h ^ y 7 

n v-r F\ H y i^'::^ A y^n v-r F a H 4 » 7 y ^- 



(21) 
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[0 0 9 9] iimLimmKmm±o.iMi:x±vjmxT 

T-a&D. S6tc|ifSL<ao.2MJ-X±10MJ-XTT-^2.o s 
^M*fiao . 01 MJJ(±0 . 5MOTT?afe S o 

[0 10 0] *«H^-e«^Kic^ffl'r mmff io 
^^^^ V 7-r*s^^±Lfc D LT. mnrc-^ty& 

t^^vvi^/yrj:Em&mmit^'^. -yt^v-y. y 

-;V>>T;i/+;i/x-f ;K 7°n tf py^^'y 
:^-;l/x-r;l/. .i<ijx^^i/^~U 3-;l/>/"7;l/^;l/x- 
•r;K :ii^U7'nifi^^'^7'i;3-;i/>/7;l/^;l/x— r;l/:5: 20 
^-©H«x-7-;l/iI. ^^/-;K x^/-;K x^U- 

-;l/^/7;l'+;l/x-f-;L-. .-J? [)xf-yyi/'\) n-ybt 
/ 7;i/+;i/x-f ;K U 7°n if uy^^" U n-yb-t y r 
;l/4^;l/X-r;l/aH07;P3-;l/il. xf-uy^/"'J rj- 

.-KV T'Plf py^^^U 3-;K ^^^U-bU yr£E(D^m7Jl 

[0 10 1] S/c, *fgHi5T-a, J. Am. Ceram. Soc .. 
80 (12)3157-3171 (1997) tCfS«$nT(/^ ?. J; -5 rster-f 

^;i/tfi;>>->'-^. 2-i£3yx 2,6-)i'^yym(Dmm^ 

H/«®Hao.05MK±2MKTT-afeSo 

[0 10 2] (3) ^)mmm 

T^So *°y Wfcs-iJsit^a. "po 

lymer Electrolyte Reviews-llocJ;tf2" (J . R.MacCal luni 
tC.A. Vincent©it|a, ELSEVIER APPLIED SCIENCE) 

7 ^ y n::: h y ;K *° y y y {t \f:=- v ^fy^m^ l < « 

$-&S#aliJ. Chem Soc. Japan, Ind. Chem.Sec. , 4 
6,779(1943), J. Am. Chem. Soc, 111,5542(1989), J. 
Chem. Soc, Chem. Com mun. , 1993, 390, Angew. Che so 



m. Int. Ed. Engl., 35,1949(1996), Chem. Lett., 199 
6, 885, J. Chm. Soc, Chem. Commun. , 1997,545(CfH 

l/Ht^»*^^?S3g^(c75 FSjg^W-rSft^Tfe 

So 

[0 10 3] *°yv-©*g«SiStciDM»K* 

fMf&^^m^. 5g«^iitgasiStts^^^r-r2.*°y 

^^'/~?m. hV7'/~?m. "e^i^t^vym. i^^v 
yym. i^-^'yyymrj:^) t-sd. m^hi^^mmm 
a. asis?ic»LT5f<«?sjSRrtiS2'gtiK±©M 

K /NPyyft7;V:^^;K >'Nny^'ft7^;l/4^ 

x;b*yKxxf-;K ^M/m ^^n^-rF\ 
y^y7^s-h%H) T-^So 

[0 10 4] (4) sE^mmMn 

[0 10 5] (a) W«iE?Lfi3Mffll 
*fgB^tC3ifflnItg^W«IEILfimStLTa. N, N - 

yyx.-)i-]i^ N -\£x (4-?^h^yyx.=.}i) - (i, 

1 -!f7x:^;l/) -4, 4 -v''7 = y(J.Hagenet al., Synth 
etic Metal 89(1997)215-220) . 2,2 ,7,7 -rh^+X 

(M,H-y'-p-?^ h^yy ji~)]y7 ^y") 9,9 -xtfntr7 

)Vtlyy (Nature, Vol. 395, 8 Oct. 1998,p583-585*5j; 
t>*W097/10617) . 1,1-lfX {4- i-J-p-hV Jl^T^/) 

y:L-M y^xi-^i^^ymm^mmr 5 y:^~ y V 

^m^Lrz.l^mm'y7^y\\:^m MbSsq- 194393^ 

£r|g) . 4, 4, - If X [ (N-l--t7g^;W -N-7x:^;l/ 
7 57] If 7x:^;ymS5nS 2fiLX±©3«7 5>' 
2 fil-X^^li-^Tfl^ftJi^^^SiC^tcB^L/c J? 
Sffi7 = y (mW5-234681^fl^«) . hy7x-;l/ 

Y^)7^y ommmm, 923. 774-^. #ii¥4-3086 

88^^16) . N, N -v*7X:::;l'-N. N -IfX (3-^^;l/ 

7x:::;i/) - (1. 1 -\f:y3i=.iv) -4, 4 -y7^ym(0 
^m^yy^y (*s#fm 764. 625-^) . a, 

a, a , a h a , a -IfX (4->>'-p-h 

y;l/75/7x:^;l/) -p-^^U-y (tfli^3-269084^f 
, p-7x-:-byi>"7 5yfiWf*. ^^?^f*tLT 
liftfl^tc^^^fl^a h y 7 X -;l/7 5 yff Wf* (Wli¥4 

-i2927i^fi.^«) . \£y:^)mi^93nmyr^/mmM 
mmmmLfcit^m (mi¥4-i75395ifi>«) . x^ 
u ym-v3wmmm7 5 yr^:^ h ^mm l /c^§« 

75 y (#li¥4-264189^i.^li) , X^VJimmm 
t^^mmi^r^y (#li¥4-290851-^i.^$g) , -ty 

yjiyji^-Mt^i^ (#p»W4-364i53-9£^lg) s y)i 

tlyy&T3Wr 5 y^mm L/c t ® (#Pl¥5-25473 



(22) 
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m) ^ ^xzy\£Vzy)vr^y\£y3i=.jv (mm-320 
esmms) . N, N, N-hU7x-;i/r5>M»i* (# 
Ii¥6-i972ifi>«) . 7xy:^--if^v'-yS)g^ir-ra7? 
nmi^r^y 138562-^1) . v'rsy^x-yb 

7X-f yhyi/-yfi*f* (ff|li¥7-252474^f) ^tC^x^ 

[0 106] $/c. a-t^=f-}\^=f-tyaiy^^XSa .m 
--y^^lyj\^-a-'^^=^i\^=^ty 3L.y (Adv. Mater. 199 
7,9,N0.7,p557). ^^^•y- Friy^:t7x ^'(Ang 10 
ew.Chem. Int. Ed. Engl. 1995, 34, No.3,p303-307). 
2,8- i/^^5/;V7 yX [2 , 3-b : 6 , 7-b ] v*^:t 7 x y (J 
ACS,Voll20, N0.4, 1998,p664-672)^©:ty d'^:t7x 
Vft^tl, *°Uh°n-;l/ (K. Murakoshi et al.,;Cheni. 

Lett. 1997, p47l) , " Handbook of Organic Conduct 
ive Molecules and Polymers Vol. 1,2,3,4" (NALWA#. 

w iLEYfflIK) \z.%m ^ I ^ a ^-f^ U r -tr f - u y Jo i 
nmm^ ;i<U(p-7x-U>') *5<fct>~^©IiWf*. 
U( p-7x:::U-yii':^py) 53 j;t;^©SIWI*^ ^KU^ 

^-^^)7-^)y^i.x}^<Dmm^. ^-') 

[0 10 7] iE?L C*-;^ fijsltf^lCliNature.Vol.S 
95, 8 Oct. 1998,p583-585tC|a*g5nTI/^S i^tC F- 

>\y\- w;l/^3y h n-;l/-r ?./ci6ic h 'J x ( 4 - y'" 

^ff^;feJ6(CLi[(CF3S0 2) 2N]©j;d:5:S^ so 
[0 10 8] (bj 4saiE?LlijMffl^ 

a. /Vy F4^> y*^2eVlX±T-$,S d t L < . 
$5tC2.5eVK±T-feSC:t*WSH/\ Sfc. p^* 

Li/^SEHaMa -3 T < S *\ -)8tc:4 . 5eV«±5 . 5eVi:^T 
TSd 2, cl t L < . S 6 tC4 . 7eVlU±5 . 3eVli(TT'<J5 

i^^fi^l^^OMt LraCuI, CuSCN, CuInSe2, Cu(In,Ga) 
Se2, CuGaSe2, CuzO, CuS, CuGaS2 , CuInS2 , CuAlSe2:& 
^f*^W5tiSo ;i©f|iTfeCuI*3j;t; CuSCN*W^L 
<. Cul*^«feff^Lv\ t:©i5*^©pM*i«f[:-&#3^ 

W#:tLT. GaP, NiO. CoO, FeO, Bi203, M0O2. Cr203 

mftm^^^r.}Ljf--n^^o so 
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[0 10 9] p^*Sft^!fe)^»l*:;&^>&'rs«<wf^» 

B©$f S Ll/^*-;l/^i;)SaiO - 4cm2/V • secKilO^cm 
2/V • secKTTa& D . S L < aiO - 3cm2/V • se 

clU±103cm2/V-seclUTTa&2,o S/c. ■^flfll»);i©» 
Sbl/^»M*aiO- 8S/cralU±102S/cmlUTTa&D. 5 6 
tc:|ifi:L< ttlO - 6s/cmiy,±10S/cmlUTTa&?.o 

[0 110] (b) mmmmmm 

[0 1 1 1] iiff*®Jgi^®m»;i®a*E*7?st 

b T . ?lrl^ tc: i s €l^ll^*?ijffl -r S ttJ± 7°n -b X t 
-bXA^fiJfflT-^So 

[0 112] ft^©^. gs©m^»«ic$3v^Ta 

*^^©^$^S^^^f#L. x-y>>-^®?SSaP5lhft« 

?l}«ri. n-^fe rV>ym x7- 
■t-r7?i. x^xF;P->>'3yS. x^^F*>y^^- 
y— t-yWi^ Xkfy^i. X^U-^i. 4^-vXF 

[0 113] 0f*«»K^SI*:(DiE?L 

s«it^ica«^^«r*^ c V Dffi»© F^^fiScMJaa 
«ffi@f*ft&tj©s^t^ +-vxh& am xkfy 

[0 114] 0f*ftT-^&v^«» 

^,giifM L fz\k. mf^\f%Wis^m'yi?tsj\^Wism<riii 
i/\ 

[0 115] :a$3, Mlfff^S);icti©7j<^^i:LTaiO,000 
ppmJ-;(T*WS L < , 5 5 iCff ^ L < li2 , OOOppmKTT- 
^"0. #tC»^L<{il00ppmOTT-2feSo 

[0 116] (E) im 
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m. -^^'^^iy^u. Pv 

^L.. ^yiy^m) . mm. ■^mimmvt^mmim 

-7°L/ct©^) *we.tiSo ^©EfiT'ta^. 

^a#tMK^nSt/^*\ 3nm~10;im*WSH/\ ^ 

5 /i mJ-XTT$. D . ^ b tCff S L < a 5 nm~ 3 /t ni©|BH 
fiKClSHt LTasOQ/ □J-:^TT'$.f3. $?)tc^if$b 
[0117] >!tStt. «^t^»i«±(ciis«««;&M 

^y^^fcimm (pvD. cvD) -rsAv 

^«U-FWcj;SAW)t«©fS> Mlv.LII 

[0 1 18] mymnnm mmi^^y. tt^t^^ftx 

mm h mifmm-h^ s s^sc s nr t t j; 
[0 119] (F) ^(o\mm 

TiifSH/^©aTi02. SnOz. FezOs. WOs. ZnO. NbzOsT 
ochimi. Acta 40, 643-652(1995) iCfeK^tlTt/^SX:/ 

D/IOlif S H/^Si]¥a5~1000nmli(TT35 D , 10~500nm 

[0 12 0] s/c. m.mh\.T\mt^mm\'^^mtis 



[0 12 1] 

[0 12 2] 1 . mmmm-immmim 

]p$0.4mm©*Sr;l/*y::^7''5X©aS©>V®lC, CVDrS 

10 -f-^y^L. iP$600nm. SgJri»>)15Q/n. ^38 
ii^ (500 nm) *^85%©Wttr:^ftXXSi^;^SlC 

2) ^F^aS. ^T^^^TtJiffl^^SFf*: 

IP ^o.4mm©4[fr;V:^f U ::9''5X©SS©>Vffilc:. ±tH© 
I ) tmitc:LTCVDr£lc:ioT7>y^F-7°§!J©=:» 

fc, |p^200nm. ffifiK^eO/D. )tjg®* (500 n 
m; A^90%©*»ttlT0 (-^yi^^yL.XXMitW ^CVD 

[012 5] 2 -^Mtf^ \l fil] H\>iiiO)in> 
( 1 Biib( >^0-)] Am (, , ,„m S i 80t |) 1 !<-') m I 
tcpdftt^^k;' Jj<) l^i, I r^/ IJ II ) / V/ I 

SJS®Sfi«r230°c(cS£LT-^ft:^^ yriai iS« 

9 yu^cD-:m^(ovm^ Xlimo n m-e^ ^ /to 
30 [0 12 4] c(o'7^W!.m^~mit'f-^yicML3omm% 

©.t^Ux^^by^-'Un-;!/ i¥tS)^^?«20,000. mmii 

[0 12 5] 3. r.mit^i'y^mimm^m(Dim 
±fei®i) t2) Tftsufc2a©3SHi!Wtts«© 
=imitxxwm^mic c (D-m^m^ vi^^-yu- 

LTco ^^ftg^^i/©ffiMaiog/m2T-sD. mmi±8 

40 iirtiV$>-DfCo 

[0 12 6] 4. fe»#!§r«©il« 

400-60011 m3;T©i:ti8W5Sr^S©^iIffirSS1S«f^MX 
(feSA) x^y-;l/ : DMSO (95 : 5) (DUaMM 

tc:o.oooimoi/L©?lgT!§»L. muMt LT^/'fir 
^-ya -jim^o . 04mo 1/lSM U m±mcom)tM ffl 

[0 12 7] 

[{bi 3] 



(24) 
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[0 12 8] m&mmiasonm^Tmu^tv-t-j. wfe 

h- hy;l.: (1 : 1) io 

3X10-4 mol/UC?§»LT. ^^aS®^7tiilCfflt/^SJi 

[0 12 9] S/c. «?g«MtC900nmST-55lK^W'r 

10) 7-th:^hy;b:t-:7'^y-;b (1 : 1) ©(1 
•&?§««K5X10-4 mol/L(c:i§t¥b. ^iSlc^^RSi 

^■f hU'^i:.^0.5S«%^ADLT?S»L. ^TgP©S 

[0 13 0] 5. 20 

mmAic. wmmm'mmm^wim^mmm Etc 

IC#^ICSMLT. ftf$T40°CT3B$F^SML/Co C(D 

ffl. «TgPffl©3aoS7t«tcfflv>sfesti^ms^# 

[0 13 1] 6. 

3a©fe^tii®Ti02MS'DTi02li^ 1 jaiOmm©iE7?ffJ so 

20 ;i m) ^^JtM^BJ f3 Hty J; a iCjf A 

X-^— 9--gP^}-^120°ClcMLM^n/cffliS[© 

a«^J±«LT0SLfc<, $?>fc-b:;l/®x-y$;>'g|5;&X5i< 4o 

[0 13 2] i^^tc. X-^-^?--©3— f-gPtcj^S^^C 
^6S^t/c1l»«m«ffl©/J^?L^JlLT, HMftfc LTY7 
-2/Y8- 1/3^F^=1 5 : 35 : 1 (SMtt) ©fiiiSc*^ ?.ijScS^|g|g^ 
^^50 °C © 1 1 T€IHm*^fflffl L T'^«Pe§©SPe§ 

I@^-r'^T±ie©»JiS-60°C©|g«^M^T-|ISfiL 
XT-JfD/Co 50 



[0 13 3] Cl©<id(cLT. ?g*#tt®a:&S^)t« 

Ml) ^ffSLfco 

[0 13 4] ^^©T^ffiT. 3a©i^7trs*is«©sa 

aa^fflL^c) o $/c. 3ii©S)tii©9i3 2fi©^?*^ 

;^ MM 2-4. 7) feftSL/fco 
[0 13 5] $?>IC. ftSft^TtiilCfc'V^T. ±fe©R- 
10feST«SL/fc^ftg^^i/MlC{-t^T. ^CfeSR-10 
^^?LK(D^^ftXX*Wf*:]ifc?5«5^i:/cft?Sft!S7t 

^ftxx^»f*©Ji7t]ia. ±fB©ftft-9"^^ y^Wf*ii 
Tt/ftctt^xmiHlgSm (Voc) 

[0 13 6] fWc. ttSffltUT. p]-©fe^ti^^fiW 

W-(Dmm*'^rj::&m^}l at«M5~8) ^fflK 

[0 13 7] 7. ftn^mmmm 

->'ayfflfflIE7^;l/^- (Oriel^tSAMl.Sdirect) ^ 
IS«L., mrfi^©A«>t?SS*M00mW/cm2 ICpS^tl/c 

[0 13 8] ftSb^c)t«Mb¥«»©«^ffl^^«!^ 
«J±MSg« (->--XP-Sy-X><>/>-a:^-y 1-23 
8M) icA^rL. «^-«]±#tt^MSL^Co Ctlfcj; 
*i6 S ti/c7t«Mfl:¥«»©@m«a!ffiK ( J sc) . * 

feiSMGSO n m tCfel^Tf+il L/t)tmitfS^fe©?fAlf7t 

«7$i)i$5iPCE (%) . mmm^Bmmvoc). x^.;i/4^- 
-^iSSi)^ ( rj ) a]i-b;^®M«fiSc 1 1 t« 1 tts 

«L/c„ 
[0 13 9] 
[«1] 



(25) 
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[0 14 0] glcDlSSA^S. OT®c:t*^BJ!e.*^-ei& 



1 ) ^mmmmmmcDmi^mm^mm Lrc\tmm i 
8) tj;t«LT. mnm.mmjsc. ^^^^v^-^m 

[0 14 1] 2) mmm3tmmm4(Ditm^^. ±m 

[0 142] 3)mmmi. S, 6©J:t«*^6. IS]-© 
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[0 14 3] 4) IgSSMl , 8©l:fc«*^6. ^)Vmnf^ 

t « S^HjgsiaMji V oc*^o . 65-0 . 66 V t (s g~ 

3fil^|gHt$,?.^ftMl tCtt^T. ^^)l(DVocmA2 
~o. 66 V ©ISHT-{f 6-3 < 8 TaM]i-b;l/tc|o(/^ 
T V ocAMgT L T S *\ cl tia 3 fm^tiJKD Voc© 
g^PflMA^^t^ffltctf LT#^2.fiJl^*M9% < . 

mm 8 i±\tmm i ~ 8 1 ttej-r « t j scm^^^ t a ^ 
[0 14 4] ncDji^dic. ±mmmm(Dmm^^. 

[0 14 5] 

[Blffi©ffi#:&SJB^] 

[0 1 ] :^mmm L\^>^n^mm^(Dmm^^st 
[0 2] ^^m(DmL^'^n^^m^(owM^^^t 
[03] *igH^©»sbi/^7t«s«^?©if3g^^-r 

[0 5] *fgH^©»sn/^7t«s«s?©Sjg^^-r 

[06] ^mm(D»^Li^fem^mm^(Dmm^^st 

g|55>iTffi0T<gSo 
[07] *fgH^©»^Lt/^7t«Sm«?©^ffi0m^ 

[08] *«H^©»SH.^7t«a«S?©^0^^ 

^'r»TS0T-afeSo 

[?fF^©iJH^] 
40 1 • • -^nmrnrnT- 
la - • • y-^?L 
10- • -mnm 
loa- • •mmmmm 
11 • • -^jsy-F 

20, 20a, 20b, 20c •• • ^t^M 

21 • • • i^mi^mu^ 

22- • -feS 

23- • -w^mmMn 
30- • -mmmm 

50 40 - • -^SWM 



